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FOREWORD

The United States Army Materiel Command (AMC) sponsored its first Systems Anal-
ysis Symposium at the Institute for Defense Analysis, Arlington, Virginia, on November
13-14, 1968. Attendance at the two day symposium totaled 230 persons and another
symposium is being planned for the fall of 1969.

The main purposes for holding the Systems Analysis Symposium were to:

a. Discuss common analysis problems within AMC.

b. Allow Department of Defense and Department of the Army to provide their
current thinking and plans for the future in the systems analysis area.

c. Discuss the status of the systems analysis groups within AMC's major subordi-
nate commands.

d. To allow individual analysts to get to know their counterparts within AMC.

Robert A. Pollard
Editor
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ABSTRACT

This report (TR 69-1) contains the unclassified proceedings of the first annual United
States Army Materiel Command Systems Analysis Symposium, FY 1969, held November
13-14, 1968, at the Institute for Defense Analyses, Arlington, Virginia. Technical Report
69-2 contains the classified section of the symposium proceedings.
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V

Colonel Leonard D. Mitchell
Acting Deputy Comptroller/Director of Programs,

HQ. U.S. Army Material Command

I am Leonard Mitchell, Acting Deputy Comptroller/Director of Programs. Mr. William
0. Harris who is the Deputy Comptroller, but is Acting Comptroller is attending the

Advanced Management Course at Harvard, so I am acting for him also. Now, I hope that

concludes all acting in connection with this symposium.

On behalf of AMC I want to welcome you. The general purpose of this symposium is
to improve the performance of the AMC systems analysis effort. To aid in presenting the
symposium many distinguished speakers have agreed to address the group and we feel we
lave a meaningful program that will be of benefit to you.

To give you an idea of how far we have come in systems analysis, I would like to relate
a brief description of decisionmaking 25 centuries ago. According to the Greek historian

Herodotus, the Persians of the fifth century B. C. followed this procedure in making policy

decisions: If an important decision had to be made, they would discuss the question when
they were drunk, and the following day the master submitted their decision when they were

sober. If they still approved, it was adopted; if not it was abandoned. Conversely, any

decision made when the), were sober was reconsidered when they were drunk.

I know that you in systems analysis and related fields would hold that for the male of
the human species to give birth is a scientific impossibility. The systems analysis capability

within AMC, however, is the offspring of a man who is with us this morning. I am referring

to Lt. Gen. William B. Bunker, the Deputy Commanding General of AMC and the guiding
light of systems analysis in AMC. It is appropriate, therefore, that General Bunker kick off

this symposium. His career is well known to those within AMC; for the benefit of our

visitors, however, I will summarize the highlights.

General Bunker was graduated from the US Military Acade-'v and commissioned in

the cavalry in 19)34. In 1936, he transferred to the Corps of Engineers and attended

Massachusetts Institute of Technology, where he w:as awarded a degree of master of science

in engineering. General Bunker has written many papers for technical journals and delivers

hundreds of addresses each year in the fields of management, systems aaalysis, aviation, and

engineering. He is the past president of the American Helicopter Society and the current

president of the Armed Forces Management Association. In our area o concern, General

Bunker designed and established a course entitled "Modern Analytic Techniques for Execu-

tive Decisionmakers," a three week c urse taught first at Princeton and now continued by

the Army Logistics Management Center at Fort Lee.
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A VIEW OF SYSTEMS ANALYSIS

Lt. Gen. William B. Bunker
Deputy Commanding General
U.S. Army Materiel Command

Welcome to the first AMC Systems Analysis Symposium here at the IDA Hilton. (I
understand that President-Elect Nixon has indicated he will reduce the importance of Sys-
tems Analysis in the DOD and return more of the decisionmaking 3uthority and responsibil-
ity to the military - this may be our first and last symposium).

It is a pleasure to be with you 0r this symposium. I am, personally, very interested in
the application of systems analysis to the many challenging questions, problems, and deci-
sions that we face in organizing, training, and equipping the Army of today and tomorrow. I
have the grcatest respect and admiration for those qualities of intellect and character that
are essential for the meaningful practice of systems analysis, such as ingenuity, integrity,
intelligence and courage. I am looking forward to discussing with you both via the speaker's
rostrum and through informal discussions at coffee breaks and luncheons the different
perspectives we have of systems analysis as well as your views as to how to achieve our
common goal-better allocation of Army resources through better decisions and more
meaningful (to the &isionmaker) systems analysis studies.

The Purpose of Systems Analysis

It may appear presumptuous for me to be talking to a roomfu. of professional analysts
about the what and why of systems analysis, but, since we view systems analysis from
different perspectives, you as a doer and I as a user, it may be worthwhile. I believe that the
primary purpose of systems analysis is to assist the decisionmaker in gaining a deeper, and
more valid, understanding of the fundamental nature of the problem. The world is far too
complex and is changing too rapidly for anyone to have sufficient, ready knowledge of the
many different disciplines, organizations, constraints, and relationships between diverse
systems and subsystems or be able to make important decisions without the advice of staff
assistance and the benefit of special systems analysis type studies. It is worthwhile to note.
however, that the object of both the staff advice and the special study is to provide the
decisionmaker with greater understanding which, hopefully, will lead to better decisions.
This, of course, implies effective communibation between the study team and the decision-
maker. The fundamental purpose of a systems analysis study team is, then, to gain a solid
understanding of the problem (its important cause and effect relationships, its dynamic
interaction with both friendly and enemy systems and tactics) and to transmit this under-
standing to the authority responsible.

3-
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Within this philosophy, 'he tools of systems analysis are adopted for their ability to
contribute to the understanding of the problem. Mathematics, for example, provides an

analogue to the real problem that can be manipulated and exercised to gain insight into the

relationship between the measure of effectiveness and the various controllable or uncontrol-

lable parameters. The precise answers that result are not in and of themselves so important,

for each answer is dependent on a number of assumptions and estimates, and therefore,
represents only one point out of a universe of possible point estimates. What is important is

to know the assumptions that will make alternative B more effective than alternative A or to

know what part of the system represents the weakest link or limiting factor in the perfor-

mance of the total system. I stress this kick of understanding because it is simply impossible
for us to predict the state of nature that will exist 5 years in the future, although some

parameters are easier to predict than others. In essence, we know that for any state of

nature that we predict, and the more detailed and precise our prediction, the more sharply

we define our single point estimate of the future and the greater the likelihood we will be

wrong. As you know, the probability of any particular discrete event occurring is approxi-

m3tely zero and yet events with z7.ro probability occur every day, if simply because one
event out of the infinite possibilities must occur. This semiphilosophical view of systems

analysis is background, and I now want to discuss some of the specific practices of current

systems analysis that I find disturbing.

Probability Models

As you might expect from my comments on predicting versus understanding, I tind the

use of probability, and particularly expected value, models highly disturbing. I fully realize

that random occurrences can and do play a vital role in determining the outcome or the

effectiveness of particular systems in particular situations. Once I have an understanding of

the factors that cause the peculiar behavior of a particular system in a particular situation, I

can further this understanding by introducing random errors or variations into my model. I

can also sharpen my intuition through the use of statistics to indicate when a change in a

variable undei my control will result in a statistically significant increase in system effective-

ness or the outcome of the duel. Note, however, that this introduction of the random

elements contributes only to the refinement of understanding or evaluation that was

reached on the basis of the underlying cause and effect relationship. The point is that at

times the added effort to build a Monte Carlu model may be worthwhile: usually, however. I

would venture that increased parameterization of both controllable and uncontrollable vari-

ables as well as increased emphasis on the exercise and interpretation of model results will

yield a geater payoff. The results will be more easily understood by the man who must

make the choice.

Apparently, most of us are aware of the difficulty and relatively low return on effort

for Monte Carlo type analysis so, instead, we use expected value of maximum likelihood

models for analysis. When the fundamental nature of the outcome is essentially binary (of a
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hit or no hit, win or lose, go or no go), I find it very disturbing to see this represented by an
expected value, which implies a whole continuum of possible outcomes. The weather
forecast is a good example of this. What does a 20 percent probability of rain tell me? It
says that I should carry a 20 percent umbrella. I am aware, of course, that if I take note of
all weather forecasts from here to eternity for those days when a 20 percent probability of
rain was given, it should rain 2 days out of every 10 (assuming the forecaster's original
model was valid). What I want to know, of course, is how will rain affect the performance of
my system, the outcome of the battle, or attendance at my picnic and, conversely, how will
good weather affect these performances or outcomes? Armed with this knowledge as to
particular outcomes for particular discrete situations, I can unde-stand and cope with the
problem far better for both the rainy and sunny days than I could possibly do with
knowledge of only the expected value for system performance in 20 percent rain and 80
percent sun-a phenomenon which never occurs. We don't get to fight the real battle an
infinite number of times so that expected values would be meaningful: we fight it only once.

At the very least, the decisionmaker needs to know some measures of the variation of
outcomes around the mean or expected value.

Some time ago, I was briefed on a design studs for a Multiple Artillery Rocket System
(MARS). 'he study had used an expected value method for distributing tanks throughout
thc target area. Over an infinite number of trials a missile waz equally likely to hit a tank
any where inside the target area with a probability equal to the collective top surface area of
the tanks divided by the total surface area of the target area. Although the model (so I am
told) was statistically impeccable, it was not very intuitively satisfying to envision discrete
tanks regarded as being spread uniformly (like peanut butter) throughout the target area.
Needless to add, that each projectile hitting the target area killed some percentage of a tank,
and the analysis provided no estimate as to the variance of the results. Again - on any given
try you either hit a tank or you don't and adding up percentages of tank areas hit seem like
a futile excerise, statisticai~y correct perhaps, but not very valid.

War Games

War games are another tool of the systems analysis kit that I regard without enthusi-

asm. War games have been around for many years and are mainly useful as a teaching device.
When they are used as a basis for evaluating alternatives, th ..y arm highly constrained to a
very deiiled specific situation; they are cxpensive to run, and they cannot be replicated (if
just because of the learning of the player). Typically. only a few war gaming models are
developed (for they arm horrendously expensive both to develop and to operate) and.
invariably, they are developed from some well-known highly documented battles from an
earlier war. Thus, it was that when I went through Command and Geiieral Staff School we
fought the battle of Gettysburg; current students are fighting the battle of the Fulda Gap.
First, one might note that we are very unlikely to tight again at Gettysburg, and it hardly
provides a good estimate of what to expect iii future wan; neither, of course, does the Fulda
Gap. It is also notable that the tactics used in a situation relate to the specifics of the enemy
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threat, the terrain, the capabilities of the friendly forces, and the experience and ingenuity
of the friendly and enemy commanders, together these factors interact to determine the
outcome of the game, but it is not possible to identify the cause and effect relationships. or
to extrapolate the results of one war game to another situation.

An example of this problem is the recent Combat Developments Com-mand (C('C)
Cheyenne War Game study that showed a force armed with Cheyenne aircraft was more
effective than an equal cost force not armed with Cheyenne. To obtain authorization to
procure Cheyenne, the Army had to agree to an equal cost tradeoff of Cheyenne for some
tanks, tube artillery, et.. For that specific scenario, the tradeoff may have helped the Army
by providing a more effective force for the same total cost, but we don't know what the net
effect of the trade will be for the many other possible situations that may occur although
the Cheyenne would be less effective than tanks or artillery.

Efficient System in an Inefficient Environment

In performing our cost effectiveness systems analysis studies on competing weapon
systems we use the technical performance characteristics of the system and exercise them in
our model. Recently, I have noticed a credibility gap between the efficiency and effective-
ness of system performance it, the paper study and its performance in the real world. For
example, I have been watching with great interest the volume of small arms ammunition
that is consumed each month in Vietnam. Over 2 million rounds of M16 ammunition are
consumed each month. During the same perioa, enemy casualties have been running about
10,000 killed in action each month. If we assume all enemy killed in action are caused by
small arms fire, a highly tenuous assumption, we get a probability of kill of .005 per round.
I recently saw a figure ol .015 used in a study for the probability of kill. As an extreme
assumption concerning the cause of enemy casualties, the probability of kill used in tile
paper study is 300 percent greater than that which can be observed in the real world.

A television news commentation once noted that the United States had now dropped a
bomb for every person living in North and South Vietnam. Although this is obviously an
exaggeration for rhetorical purposes, it serves to emphasize the point. Undoubtedly, we
determined the Circular Error of Plobability (CEP's) and lethal areas and figured the relative
cost effectiveness in terms of dollars per person killed or per sampan destroyed. Yet, we
have dropped a huge quantity of bombs and the enemy's ability to fight and will to fight
seem. undiminished. One can only wonder at the apparent lack of consistency between paper
studieq and the real world and hope that greater efforts toward improving the validity of
analyses will be forthcoming.

The Gama Goat effectiveness predicted a large increase, somewhere in the order of 250
percent. over its predecessor, the M37. Supposing that oo the basis of our estimated effec-
tiveness and relative costs we were told to replace the M37 with the Gama Goat on a ratio of
two to one. Do we have sufficient confidence in the validity of our measure of effectiveness
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and this estimate of improved capability to accept such a trade? What is the real value of
this increased mobility capability for a vehicle that will spend 80 percent of its time sitting
idle in the motor pool, 85 percent of its mileage on paved roads and only 15 percent of its
time on cross country missions which require the increased mobility? In the same vein, of
what value is increased accuracy to a rifle when 95 percent of its shots are fired at an unseen
enemy in ai unknown location?

How sensitive are our decisions to this problem of the efficient system in an inefficient
environment? how can ad how should our systems analysis studies cope with this pro-
blem?

Optimization versus Tradeoffs

This is obvious and straightforward-given any particular specific mission and scenario,
moderr engineers can design a vehicle (a system) to perform that mission under those
conditions in an optimal (most cost effective) fashion. To maximize performance for this
particular situation, however, they have had to degrade its capability to perform other
unspecified or unknown missions under other unspecified or unknown conditions. Thus, the
use of missions and scenarios is a basis for detennining most cost effective alternatives as an
undue premium on the system optimized for a particular set of missions and circumstances.
It unduly penalizes the more flexible all around system that is effective across a whole
spectrum of missions, scenarios, but yet costs more to provide this added flexibility. Need-
less to say, since we cannot pick the missions, threats, environments, and tactics of the
future with any degree of accuracy, we are more concerned about having adequate capabil-
ity under all conceivable conditions rather than "optimum" capability for what appears to
be the most likely situation. This question of flexible capability as opposed to optimized
capability is even more important if one views warfare from the viewpoint of game theory,
where an intelligent opponent will attempt to chose the strategy that exploits his strength
and our weakness than to have particular strengths for any possible set of conditions that
may occur.

Closing

The developing of alternatives, the evaluation of alternatives and, finally, the choice
from among the alternatives weapon systems requires the participation of the engiveer, the
comptroller, the military user, the systems analyst and the manager. The engineer, the
comptroller, and the user, however, are each responsible only for a particular aspect of the
system, or for only a particular element of the choice. Only the analyst and the manager are
responsible for coordinating and integrating the diverse elements, disciplines, organizations
and constraints for the overall evaluation and decision. In the modern world, where the
costs of each weapon system are so high, and the fate of the free world is at stake, the
importance of good military decisions cannot be exaggerated. Although there is no doubt
that final responsibility and authority for these decisions rests with the manager, he regards

-7.
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systems analysis as his strong right arm to assist him in understanding the important issue
and identifying the relevant applications of value judgments. In short, the practitioners of
systems analysis bear a tremendous share of the responsibility for the decisions that deter-

mine the security of the United States and the free world.
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THE SYSTEMS ANALYSIS EFFORT WITHIN AMC

Mr. William J. Tropf
Chief, Systems and Cost Analysis Division

Comptroller/Director of Programs
HQ, U.S. Army Materiel Command

Welcome to SAS-69. This is the first such affair which we, in AMC, have sponsored in
any formal sense. We hope it will be both enlightening and fruitful for you and that it will
not be the last.

3.s. A l1ti ,.

,C,

SAS 69
Chart 1
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We also want to extend a particular welcome to our distinguished guests, as well as our
gratitude for ti.c time taken from busy schedules to visit with and provide us the benefits of
their experience and philosophy in the general field of what we have come to know as
systems analysis. Later we will be privileged to hear the honorable Dr. Enthoven and Mr.
Frank Parker. Sandwiched in between, preceding these celebrities and following General
Bunker as I am, leads me to some psychological inadequacy and a general feeling that
whatever I can offer will be strictly anticlimatic, from both directions. I ask, therefore, your
most compassionate indulgence while those of us who are usually known as hey-you-or
alternatively as hey-you over there-do the best we can.

I'd like to digress for a moment from the main theme and remark on something which
F has struck a very responsive chord. Similar to General Bunker, my own introduction to a

military career began in cl.se association with the cavalry. Now this does not remind me of
a story but, rather, it occurred to me that systems analysis being a young man's game, many
of you may be unaware of this institution as it existed some 30 years ago-except as
something to sort of jazz up the action of TV westerns. So bear with me please on a brief
excursion.

The cavalry of those by-gone days was a military unit whose Table of Organization and
Equipment (TO&E) consisted of a mixed bag of horses and men; the basic unit was the
horse. The worth ratio of the time was generally conceded to be about 5 to 1, favoring the
horse, under a 40 to 8 formula which I understand was worked out by the French army. My
own impressions were that cavalry units, by a process known as aptitude testing, were
stocked primarily with city-bred boys who had difficulty distinguishing species of the higher
order grazing animals-much less the ability to stay on top of one. Cavalry charges, which
were indeed a fearsome sight and reached momentums of 35 miles per hour, usually con-
cluded with the objective reached by all of the horses and approximately b0 percent of the
men.

In the cavalry both horses, men, and their surroundings were required to be meticu-
lously maintained at ad times. This task, of course, fell largely to the men; the horse only
incidentally getting in the way and generally contributing in a negative sense only. It was
conceded that the horses also ate b,,ter than the men, and a modified set of the rules of war
existed for the horse which had a distinctly more liberal interpretation. Moreover, in any
dispute between the two those in authority tended to option for the horse. It was clear to
all of us that the horse had the upper hand, and even the officers suffered under this
dichotomy. It was rumored at the time-falsely as it later turned out-that the officers of
the 7th were assembled every Monday evening and required to repeat the words, "I will not
split my force," a number of times. It was obvious, though, from the thrust of the training
that if the United States ever again become involved with the plains Indians it was just going
to be too bad for them.
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Chart 2 is an action shot of the cavalry normally encountered on the exercise field. The
devi -e on top of the horse is known as a saddle-in this case, specifically, a McCellan
saddle-and was the most diabolically uncomfortable piece of equipment ever introduced
into the western world, flawlessly engineered with a guarantee to get you where it would
hurt the most. The picture illustrates why I also achieved transfer from the cavalry, accom-
plished mostly through a superior display of ineptness and malingering.

Chart 2

Well that's the old and so we go to the new; we note that the cavalry never really went
away but expL ienced only subtle changes in form. One, or at most two, men are required to
steer this device so that the force/worth ratio now is reduced to something approaching
parity. As many as 35 or more additional personnel can go along for the ride, and since their
role is passive need not be assiduously trained in standing stable duty.
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On the surface it would appear that the cavalry changed little in its objective o",:put
over the years, particularly when viewed from a macro-perspective vantag. oi, i suspect
this same attitude applies in this general area of systems analysis. "The more things change,
the more they remain the same" is a current cliche and one all too glibly applied in a
macro-outlook on conditions and evolutions whose more detailed inner constituency may
either not be understood or dismissed as a matter of no interest. It remains, then, for us to
examine institutions (particularly those with invariant names) in terms of their micro details
if we expect to arrive at any evaluation of the sum of their impacts. Like the cavalry, it
frequently helps if the observer has some familiarity with the inner details of both the old
and the new, if a real assessment of how profound these changes might be is to be made.
The note, therefore, for this symposium, is to examine systems analysis in AMC in some of
its detail. My own contribution towards this objective will be covered through these five
main topics.

To begin with, I think the purpose of SAS-69 is clear. Basically we desired the opportu-
nity to assemble AMC personnel who had an impact upon, or were impacted by, systems
analysis in AMC. The intent is to perform introspection and a self-critique of what we do,
the details of how we do it, how well we may do, and whether or not we are making any
appreciable headway at all.

So as to ensure that we do not become too inbred in these deliberations, we have
invited guests of distinguished accomplishments in the field from outside of AMC, who will
not only give us their own approaches and concepts but will also provide us with a candid
assessment of their view of AMC.

SAS - 69 OUTLINE

* PURPOSE OF SAS-69

* ORGA:,IZATIO., FOR STUOIES & AN ALYSIS IR AMC,

* WHAT HAS THE PAST LOOKED LIKE?

0 WHAT DOES THE FUTURE PORTEN0?

* WHAT SHOULD AMC PE DOING?

Cht 4
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I should make it clear that chart 5 is not the complete AMC organization for studies
and analysis. In AMC systems analysis and studies involves, and is the responsibility of,
almost every cell in the command, both by direction and necessity. The chart identifies only
those organizations formally established, whose activities are devoted to studies and analyses
or systems analysis in one form or another. To summarize at the headquarters there is a
special assistant to the commanding general for systems analysis. The Army Materiel Sys-
tems Analysis Agency (AMSAA/AT Aberdeen) is the central technical capability for AMC.
There is a systems analysis group and a cost analysis office at each of the commodity
commands, and these vary in authorized size from about 9 to 25 and between 5 and 27,
respectively.

AMC ORGANI ZATION FOR STUDIES & ANALYSI S

SP. ASST

SA

ANAL DIV.I

CcWiMODITY COMMANDS

SA GROUPS 19 TOV)
CA ORG. 05TO Zn

Chat 5
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If we can move on to a consideration of what the past may have looked like, it seems
to most of us that the last 2 years have been marked by a heavy influx of requirements and
demands and a kind of crescendo of other activity marked by a number of successes as well
as some failures. Requirements on AMC originate from a variety of sources.

There are those direct'ye in nature, originating at DA or DOD or from command
elements of AMC. Requests and requirements for inputs and assistance come from the CDC
in connection with their efforts.

Also, requirements are generated largely in-house within AMC either as they are
believed to be fruitful to the overall activity or in response to the formal system established
for tradeoff investigation and cost-effectiveness demonstration.

Chart 6 lists examples of some of the more prominent efforts directed upon AMC from
higher authority. I realize that some of these may not look impressive or may even seem
picayune in the general standard of normality; cost-effectiveness of sandbag textiles is one
such example. It's rather astonishing to realize, however, that the Army buys about 12
million sandbags a month-at about 30 cents a crack-for a total expenditure of well over
$40 million a year, transportation included, which of course, extends for year after year in a
situation such as Vietnam. As the list extends you get a feeling for the scope and variety.
These requirements have arrived through a multiplicity of origins which include ACSFOR,
CRD, DCSLOG, the assistant chief of staff for communications-electronics, and the COA.

DA DIRECTED EFFORTS

SGL VS TWIN ENGGINE TROOP HELICOPTER CJE STUDY.

MBT-4WS COMPARATIVE EVAL

C/E OF SANDBAG TEXTILES.

CIE COMPARI SON OF I IM TON TRUCKS.

CONTAINERIZED FREIGHT COST - PEFOW. ANAL

REVAL - WMYEfS

MT SEC ARM STUDY.

CIE OF GAS TO DIESEL CONVERSION, M11

SAM-D DCP

VAMWS - I)CP

Chwt 6
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DA DIRECTED EFFORTS (CONTINUED)

TACSATCOM CE STUDY.

MICV-70 PI)CE STUDY.

RDLEG OTIMUM MIX.

Mir-70 COMPANION VEHICLE STUDY.

AH-W IN MI D-INrENSITY ENVI ROM.EN.

HFi.Y-TUG CE ANALYSI S - ECO PROPOSAL.

ANALYSIS OF FiRE-DAMAGE MINIMIZATION, COML VEK

M9; PRODUCEABILITY-COST REDUCTION STUDY.

POP-UP MINE AND BARRIER EQUIP. CIE AIALYSIS,

ARMY TACT. COW SYSTEM CIE ANAlYSt[

Chart 6. Continued

Chart 7 represents various major CDC efforts to which AMC has been called upon to

provide rather substantial input. As a general rule AMC is called upon to provide most, if

not all, cost data; vulnerability, casualty and weapon kill criteria; and a variety of character-

istic and performance information for both existing and developmental items of materiel.
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INPUT ROLE TO CDC

MBT SEC. ARMAMENT STUDY.

SPECIAL FORCES AIRCRAFT C/E STUDY.

MI CV-70 C/E (QMR) STUDY.

SAM WE PS. /SAMDEP.

VRFWS STUDY.
LEGAL MIX STUDY.

AAFSS.

FAMECE (ENG. CONST EQUI P) CIE STUDY.

1 CIE STUDY

TACFIRE

NON-NUCLEAR AMMO. STUDY.

HARD POINT TARGET WPN SYST. STUDY.

UTTAS

I RUS

TATAWS

Chart 7

The list continues to grow extensively w;,en we consider those which have been in-

house directed or initiated. Here I have separated the individual efforts out as representativc
of those which the systems and cob, analysis division of the headquarters has either

performed or played a reasonably substantial contribotory role.
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AMC IN-HOUSE EFFORTS

0 COMPARATIVE ANALYSI S OF PIff 1011122.

* CIE OF RIFLE GRENADE LAUNCHING SYSTEMS.

e BALL PROPELLANT - SOURCE AVAIL VS. COST COMPARISON.

e COMPARATIVE ANALYSIS OF 5 TON TRUCK ENGINES

* MARS II ECONOMIC BREAK - EVEN ANALYSIS.

0 XM7I/715 TRUCK COMPARATIVE ANALYSIS.

* COST BENEFIT OF H-19, CH-3? GROUNDING

e DEFINITION OF FI GHERITRANSPORT ATTRI BUES-MICV.

0 NON-FATAL CASUALTY COST STUDY.

* ANALYSIS OF WEIGHT VS EFFECT. OFTHE
SOLDIER.

Chart 8

'this presents examples of those which have been accomplished by the commodity
commands, project managers and the AMSAA. I would like to reemphasize that this rela-
tively brief list is representative only and by no means exhibits all or even a fair percentage
of the total effort involved.

AMC IN-HOUSE EFFORTS (CONTINUED)

* CIE OF TACTICAL VEHICLES (WHEELS VS. TRACKS)

0 MALLARD CIE METHODOLOGY

e ARSY PDICE STUDY

* ATARS COST-PERFORMANCE ANALYSI S

* C/E OF ANI'M-2 0 0 LOCATOR)

• SERGEANT - CIE NON NUCLEARRQMT
• XM-179 SP-ARTY PDICE STUDY

oC/EOFSHEMES

* CIE OF RADINAL PLY VS. COV. TI RES

0 MBT COMPAw ON VlEK STUDY

* CIE METHODOLOGY-MtELS VS TRACKS

* EVAL SEA NITEUPS EQUI PMEN

Chart 9
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In addition to those direct activities for studies and analyses, which must be considered
the normal pursuits of systems analysis, we have also not been idle in attacking the whole
problem of trying to bring some measure of structural and managerial formality into the
overall activity.

We have also managed to establish at least the nucleus of a systems analysis group at
each of the commodity commands and have provided for their location as independent
entities outside the purview of any functional control to varying degrees of success at the
moment.ADMIN & MGMT OF AMC IN-HOUSE EFFORT

L ESTABLISHMENT % DEVELOPMENT OF SAG'S

INSTITUTED & CONDUCTED THE MSRC PROCESS

3. ESTABLI SHED THE BODY OF REGULATORY MATERIAL
AMCR'S -- CMD DIRECTIVES

4. INITIATED & PUBLISHED THE AMC COST ANALYSIS HANDBOOK.

5. INTRODUCED A MONTHLY EXCHANGE -- "CAME1

6. INITIATED AMC DATA BASE -- COST & PERFORMANCE.

7. ESTABLISHED & ADMIN. AMC "QUICK-REACTION" SA CONTRACL.

. PREPARED THE AMC TECH MANUAL -- "CATEM".

9. INITIATED AUTOMATED ABSTRACT SYSTEM FOR STUDIES.

Chart 10

The materiel studies review committee process has been installed and is a going concern
to provide a high-level review of selected AMC studies and products. We have a fair start on
a governing body of material, which is both accepted and acceptable. A cost analysis
handbook has been published for AMC-wide use, and a monthly periodical covering both
systems and cost analysis events and activities is in widespread general use.

We have initiated the AMC data base for both cost and performance values on materiel
and administer the AMC quick-reaction contract that has provided many project managers
with analytical answers to probknims on short notice. The AMC Manual on Techniques and
Methods is well underway and nearing completion, and an automated system on abstracts of
completed studies has been started.
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An identifying and locating 3cheme for all developed and available models and method-
ologies has just recently been undertaken. This overall effort is designed to reduce the
number of times it may be necessary to reinvent the wheel. We have further introduced the
AMSAA-SAG meetings as regular events and have prepared the two command PCR's for
systems and cost analysis. Here, our record stands only at 50 percent, and I am sorry to
announce that the systems analysis PCR will not be acted upon for FY 70, We have,
however, been promised consideration on the next cycle and po ;ibly our luck will be better
in FY71.

Our big accomplishment of this year was the formal establishment of the AMSAA, and
although the Table of Distribution (TD) for this organization is not yet finally appioved,
enough provisional and interim authority exists to perrmit counting this ictivity as now
firmly established. Additionally, an index of CER's regardless of source, and their abstracts
is well on the way to development; AMC contributed almost half the papers accepted by the
last Army Operations Research symposium; we have heavy participation in the forthcoming
DOD cost research symposium and, of course, we have established SAS-69.

ADMIN & MGMT OF AMC IN-HOUSE EFFORT (CONTINUED)

1G. ESTABLISHING COMPENDIUM OF MODELS & METHODOLOGIES.

IL IIt"RODUCED THE AMSAA-SAG MEETINGS.

1. PREPARED CMD. PCR's FOR SA, CA.

13. ESTA PLI SHED AMSAA FORMALLY.

14. PREPARING SUMMARIZED INDEX OF CER's.

15. REPRESEI4TATION IN ARMY OR SYMPOSIUM.

16. PARTICIPATION IN DOD COST RESEARCH SYMPOSIUM.

17. SAS-69

Chart I 1
As long as we're on the subject, I may as well expose some of the things that have been

done in the field operating cost area, either as contributed to or performed directly for the
Army's field operating cost ageiicy.

The analysis of weapon system operating costs is, at the moment, a fairly active
project, but O&M costing of Army aircraft is not doing too well. Primarily, this is a result of
the capability available and the continuing pressure of higher priority assignments (AAFSS,
HUEY-TUG and UTTAS to mention just a few).
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All of the others shown have been completed and were full blown studies in their own
right. The costing for major Combat Development Command (CDC) studies, of necessity,
had to include field operating costs - collected and developed by AMC. We could also add
SAMWEPS, SAM-D and a number of others to this list.

Finally, AMC has primary participation in the DOD life cycle cost program for pro-
curement largely a consideration of field operathig costs with the balance related to AMC
inheoise logistic costs and requirements. As you know, AMC has no direct responsibility or
authority over operating costs within the field forces-or the 2000 program.

FIELD OPERATING COST EFFORTS

* ANALYSIS OF WEAPON SYST. OPERATING COSTS.

* O&M COST OF ARMY AIRCRAFT

* NUCLEAR AMMO COST STUDY.

*O&M COST OF FOOD SVC OPNS.

* AMMO STOCKPILE'O&M COST (AND COST OF DEPOT OPNS)

* M551 - SHERIDAN COST STUDY

*O&M DATA BASES FROM AMC INPUTS TO:

eTATAWS

eAAFSS

ODIV ARTY MIX

OREVAL WHEELS

• MBT-?O - STUDIES.

*ARMY PARTICIPATION IN DOD LCC PROG FOR PROCUREMENT

Chart 12

What does the future hold, and what might it look like for systems analysis in AMC?
Well, certainly if the past is any acceptable base for prognostication and if the techniques of
forecasting are valid, the future has got to look something like this. The difficulty enters in
the relationship of our capability to meet the chall, upon numbers alone, AMC's
formal inhouse capability would plot-out about the way ,,. chart shows. The first dip on
the left side of the curve corresponds to the freeze and cut-back of December 1967. Things
then thawed out some; the step up is supposed to represent approval of the TD for AMSAA
and go ahead on that basis. Thereafter, about all we can expect is a level function continuing
through 1969 and 1970, corresponding to the current state of our PCR. Where a break
upward in the curve may then occur is, of course, anybody's guess. The time markers on the
bottom of the chart represent the beginning of calendar years. In cost analysis things look a
bit better.
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THE FUTURE

IN HOUSE RESOURCEUS

~CAPABILITY

68 69 70 71 72
TIME

Chart 13

The command received the bulk of its personnel space allotment in July and October
of 1968 (shown by the solid line), and the way we filled to this authorization is shown by
the broken line. Actually, we were in an over-hire position for some time before receipt of
the initial increment in July of 1967. I believe, thereafter, we made good progress toward
filling to ceiling considering an area which is clearly a seller's market. The idea, of course, is
to push the end point of the broken line up to that authorized. I suspect, however, that this
gap will be a difficult one to completely ehminate-turnover, recruitment, and the lead time
for processing in the personnel system being what they are.
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COST ANALYSIS
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Chart 14

This chart still does not tell the whole story, since cost analvsis has been an area of
heavy augmentation in AMC. The dotted lia indicates the total number of personnel
assigned, committed and actually working in the area. The 144 spaces are distributed among
the seven commands, the AMSAA and the 'ieadqu -ters; the smallest contingent is 5; the
largest, 27. The systems and cost analysis division has I I professional civilians in cost
analysis, 14 in systems analysis, and 2 professional military officers. This force is augmented
by a number of young military on obligatory tour, several typist trainees, and one WAC.

The next largest cost analysis capability in the Army is within Department of the
Army. It is anticipated that both of the authorized lines shown will remain as level
extensions maximum, at least through the remainder of FY69. The dice aren't really
loaded -they're just a little flat on one side.

T', it's where we've been, what we've done, and a very broad prognostication for the
future. The last point I'm supposed to touch on is what should AMC be doing. It is a 3ther
formidable subject and should be the tone for roughly 60 percent of this symposium. There
are, however, about four main topics which are repeatedly being singled out for comment
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concerning the way the studies we do are beginning to look as they appear on the desks of
decisionmakers. I think that a little attention, or perhaps even standardization, in these
particular areas may well produce a sort of instant return if diligently applied.

I. The first of these is related to what the decisionmaker should first see in a
study after he gets by the cast of characters and the index. It's maintained that his route to
a clear statement of the objective (a statement of the assumptions which have been made)
establishes a section of fundamental understanding on just how these assumptions may
interact with or impact upon the results obtained. We can hypothesize that the
decisionmaker has been provided one distinct advantage. He has the option of cither laying
the volume down as being outside the realm of validity and his own experience of
requirements for real world solutions or considering it worthy of further investigation and
reading on. Practically all studies hold these ingredients but under varying degrees of
diffusion and disclosure.

2. The second area of interest relates to sheer bulk alone. This apparently was
the year for big studies, although it's obvious that size is primarily related to the
sophistication and completeness sought and the needs of an adequate defense. On the other
hand, we seem fair on the way to approaching the point where our decisionmakers will
content themselves with a general feel for the texture of the binding and a rough idea of
weight. If the dictates of sophistication and size continue to increase in proportion, one
possible way out of this dilemma seems to be to relegate all tables of data (and the details of
calculations with their justifying analyses) to appendices. The end analysis and values will be
established in the body in that depth necessary to ensure flow of the analysis through its
logical sequence. We could suppose that a good study, ideally, might consist of no more
than about 25 pages in this fashion and yet cover all of the salient and pertinent features
including the results and conclusions. Appropriate notations in the body of the analysis
would provide easy access by the reader, to the details of the appendix should he be so
motivated through either interest or disbelief.

3. The last two areas are sort of intermixed together and concern what I choose
to call "better schemes for the integration of cost and effectiveness values" and the
"presentation of results.'" Most of our studies tend to go through many pages of narration
and analysis oriented exclusively to the effectiveness mcaslire and somewhere near the back
and almost as an afterthought---a table says "By the way. here arm some cost numbers you
can look at too." I think a great deal can be done by way of integrating the results. We can
probably save the decisionmaker the task of having to perform such a mental balancing act
and pick up a few points in the bargain. The corollary of presentation of the results should
be similarly treated--using graphics always offers a neat way of presenting complex and
variable results, As analysts we should be able to give the decisionmaker opportunities to
quickly and accurately vary at least some of the values and perform his own private
sensitivity analyses. As a bare minimum we certainly owe him some registration upon the
plausible range of values and their impact.
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I think I can best serve up a demonstration of these thoughts through a rather simple
example.

Imagine, if you will, a situation where the analyst has managed to make some kind of
quantification of effectiveness and cost for a serieF of different options, and to some
equivalent base. The axes represent the cost to the enemy and the cost to us, respectively.
The T over C ratio, of course, yields the absolute ranking in terms of targets destroyed per
unit damage suffered (or cost) for each of the definitive points of concern. The idea is
simple enough; it's acceptable, certainly, but unfortunately it may very possibly leave a
major share of the story untold.

COST-EFFECTIVENESS INTEGRATION

4

3 

/

2

COST
IDAMAGE SUFFERED)

Tn
n" TGTS DESTROYED PR S

YIELDS ABSOLUTE RANKING OF EACH OPTION.

Chart IS

Let me redraw the picture, expand it to a slightly different case, and further
hypothesize that (for this situation) some minimum level of destruction exists below which
the iob desired just wl not get done, to the level required. We show a band here to
represent that boundary as well as to let the decisionmaker know that we are willing to risk
that a reasontah4e value would lie somewhere between the extremes. In this ca..e, although
two may have the higher absolute rankin,. it lies outside acceptable imits. and we have
constrained the case to a consideration ji 3, which is marginal because it lies close to the
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lower extreme of the bank, and higher numbered options. Should the decisionmaker not
like our choice of boundaries, we have at least laid out for him all the basic features for
making his own choices and done it with a minimum of difficulty.

If we can carry this a step further, we should be able to define a maximum acceptable
level of cost to ourselves. Again we band the values tc indicate that some uncertainty exists.
Please remember that the bands need not be straight vertical and horizontal lines but may,

in fact, be something else if worked out to a bit more sophistication. Also, please do not
hold me to scale in ai'y of these drawings. In any event, the range of choices have been
further limited: 5 is better than 4 but lies outside the acceptable range of choice. We have,
in this example, now limited the decisionmaker to only two possibles, both of which are
marginal. We have now put the man in a real box. If he chooses 3, the G3 will get mad, if he
picks 4, the comptroller will probably quit.

I BAND OF MINIMUM
0 -I----- - DESTRUCTION NEEDED

V,,

!. AND OF MAXIMUM
ACCtEPrABLE COST

II

COST

T2 > BUT2ISUNACCEABLE. > T4  BUT5IS ACCPTA9L

C SMRIA! C5  44 IS MARGI PAL!

Chart 16

Let me leave our decisionmaker staring at a point half way up the wall for the moment,
and look at something else that might be done to help the situation.
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The first thing that suggests itself is that we look at other representations of cost on
the same equivalent basis as used in the preceding chart. If we assume the cost associated
with the black line represents the cost of the loss to us to inflict the damage shown, then

perhaps we should consider the life cycle peacetime costs for the forces associated with each
of the options. This particular representation is shown in blue on the chart; note that the
points move around laterally in some unsymmetrical fashion. The points in value now
represent a measure of the peacetime costs associated with the damage inflicted as Ore-
viously determined. The analysis could be extended to include consideration of the red

items, which represent wartime life cycle costs, and which could easily be established for
various levels of conflict duration. (The red points are not plotted on the drawing to avoid

clutter and confusion.) We now have a series of T over C ranking ratios that can be set forth
in a neat table, each value standing for the benefit-cost ratio of all the conditions of interest.
Not only has the decisionmaker been given an expanded horizon for choice, but also any
need to sum peacetime and wartime costs together has been avoiued and we can keep the
two distinctly separate and measurable.

INRE TIcOdN OF OMI11 COST ASIKS

'r 5

29/

-I I

A COST OF WATIME "LOS "

'" "LIFE CYCQE PIACIM COST'

* WARIMCYCI - "SAIl COST"

TALMIZE Tn Tn T - --..

Chart 17
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Should this still not help, and it's conceivable that all of the ratios could maintain
either their same relative standings or exactly reverse in direct proportion, we have the
option of another way to attack the problem. You are aware that our inhouse estimates or
those of our contracto, occasionally miss the mark by a number of points. In any case, cost
estimates are only estimates and such have a definite area of uncertainty about them. This is
not a point to be taken advantage of, but there is heavy and increasing pressure that costs
which are indeed uncertain be specified in terms of some uncertainty boundaries. The point
is especially appropriate for estimates made on paper systems; the more paper the system,
the more uncertain the estimate turns out to be.

Chart 18 shows option 4 taken from the old example, assumed as a paper system, with
the costs carried out over various quantities as an uncertainty band and represented by the
optimistic and pessimistic extremes.

UNCERTAINTY AND VALUE BOUNDARIES

QTY
SELECTED

- - - -4ESSIMISTIC)

0
u -,rJ4 (OPTIMi STIC)

Qty 1149 time)
a 13 PESSI,,ISTIC - , i *j Pt.i iTlt ' ,rs il luture)
b s3 O'PTI',l STIC -'. 1 x , ( ISTI. I

COST S Ft R E' UA f fTy )L E~s
COST UNC .t'Al N 0Y -1'A -r

FOR fl 9to h

Chart 18
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I'll further assume that option 3 represents a current system or one close to production
and that both optimistic and pessimistic values for option 3 can be located on the lower
boundary of option 4. These values, A and B on the chart, can now be extended over the
requisite time period necessary to meet the pessimistic boundary of option 4, which is based
upon whatever time dep, ndent escalation factor we decide to choose. The polygon between
the lettered points -.9w describes the possible cost values for both options under the existing
uncertainty. Corresponding cost values for equal effectiveness, as s) )wn on the chart, are
not strictly necessary, but it may be required to choose a multiple of the lower cost option
in order to gei the lines to meet.

If I now decide how many of these I need (either on some equivalent basis or
independently) I can fix the expected spread of uncertainty for each. In this case option 3
goes from G to H-; the value spread for option 4 lies between E and F.

With these values I can now go back to the original dilemma and use them as additional
analysis for the decision required. Although a value judgment in choice is up to our
decisionmaker, we can take pride in that all of the values have been presented, inclmg
their extremes in a manner which is easily assimlated and permits both the application of
judgment and some variability.

PARTIAL SOLUTION

II

0----------- -- -a -I----- /-- ------I -

Q t

COST

~-4 COST UNCERTAINTY (CONFI DENCE BOUND)

A 'VERTICAL" Ucr AINTY ALSO EXISTS!

, , OESRIB AREAS O COt 310%.

Chart 19
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We have, therefore, provided our decisionmaker with all of the ingredients analytically
feasible for this phase of the problem. He has been; provided with some inherent limited
capability to vary the values in accordance with his own dictates and, moreover, we have
managed to present this part of the results to him succinct!y and through the use of no more
than one page.

In addition to the schemes discussed here there are, of course, others with equal, if not
even better, applicability. The techniques of marginal analysis are always in favor and can
easily be applied either independently or in concert with others. The economist's concept of
elasticity also offers prumise in certain selected instances where a variety of quantifying
measures and ranges may be a desirable condition for choice. The techniques used are
immaterial; the objective is to peiform the best possible analytical integration of results and
present them in as concise, complete and yet summarized form as possible.

EXTENSION OF THE INTEGRATION

COST

3|

EFFECT MEASURE (T)

WANT MEASURE OF VARIABILITY OF CHANGE.
DEFINE- Tn+ -Tn

"ELASTICITY Of C/" T +T
n+1 Cn+-CnCn+1 + Cn

Chart 
20
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In summary, the current areas of most concern lie at the very beginning of our studies
and at the very end. The objective is to pay these immediate and critical attention; they
have an extremely high potential pay-off value and the promise of extensive return. The
many other aspects of our studies and analyses that occur between these two extremes
(depicted by the wiggly lines on the chart) are also critical and worthy of our attention.
Under the theory that all things cannot be attended to at once however, dictates that we
defer these for the moment, attend to them on the next cycle, and possibly make them
headliners for SAS-70.

AREAS OF CONCERN

L PROVIDE CLEAR OBECTIV
Z STATE ASSLFVrIONS.

3. ESTABLISH UNDERSTANDING - II[RLACrION OFASSUMPTIONS WITH
RESULTS!

22. PROVIDE INTEGRATION OF COST WITH

EFFCTIIVENSS

3 PRESENrATI ON OF RESULTS

Chart 21
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ORGANIZATION AND FUNCTIONS OF THE ARMY MATERIEL SYSTEMS ANALYSIS AGENCY

Dr. Joseph Sperrazza
Director of the Army Materiel Systems Analysis Agency

U.S. Army Materiel Command

The Army Materiel Systems Analysis Agency is an off-shoot of the old Weapon Sys-
tems Laboratory. Formerly a part of the Ballistic Research Laboratories (Chart 1) legally we
have been an Army provisional organization since January 1968. We became de jure this
November.

P"i
Chart 1

I'm going to give you a synopsis of the organization, it, relations with other groups of
the Army Materiel Command complex, and its relationships with agencies outside the Army
Materiel Command complex. I shall also mention some on-going tasks and point out where
some of these must be carried out on joint bases with other groups.
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US ARMY ABERDEEN RESEAnCH AND DEVELOPMENT CENTER

CHIEF RESEARCH SCIENTIST COMIANI)ING OFFICER CHIEF OR ANALYST
DR. C. W. LAMPSON COL J. C. RAAEN, JR. DR. F. E.

SURVEILLANCE SUPPORT BALLISTICTECHNICAL COPUTER & RELIABILITY A NT DIRECTORATE INSTITUTECOORDINATION SUPPORT I DIVISION OFFICE I iR.. FOSTERLIRY

OFFICE DIVISION O.P. BRUNO & BRARY

ARMY WOUND DATA AND MUNITIONS
EFFECTIVENESS TEAM

COATING & CHEMICAL HUMAN ENGINEERING BALLISTIC RESEARCH ARMY

NUCLEARLABORATORY LABOATORIES LABORATORIES MATERIEL SYSTEMS
LABORATORIES DR. C.F. PICKETT AR. T.0. WEISZ DR. R.J. ANALYSIS AGENCYEICHELBERGER DR. J. SPERRAZZA

Chart 2

AMSAA, the acronym for the Army Materiel Systems Analysis Agency, is part of the
US Aberdeen Research and Development Center. This center is a Class II activity tenanted
at Aberdeen Proving Ground but reports directly to AMC headquarters.
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A14C AMC AM4C

DIRECTOR OF COMPTROLLER & DIRECTOR DIRECTOR OF RESEARCHI

UEVELOPlE14TS OF PROGRAJIS AND LABORATORIES

-- 40IT " OMAJ AN PROJC INGR

LAGORATORIES

Chart 3

We touch base with many AMC Groups. Organization control rests with Directorate of
Research and Laboratories. Funding for the most part is provided by the Directorate of
Development and Engineering. Priorities and overall purview of the overall cost analysis
studies rests with the Comptroller and Directorate of Programs. Tasks are assigned to us by
all three of these directorates. Moreover, we are tasked by the Project Managers and Com-
modity Commands. During the course of carrying out our studies we recognize that many
crucial data inputs either are missing or not firm enough and, therefore, we try to influence
the so called "independent" laboratories of the AMC to generate these inputs.

Historically, our expertise has been predominately in the field of weapons effective-
ness, that is, primarily in the field of firepower. General Bunker has recognized that this area
is too restricted, and he insisted that we broaden our base and become involved in all areas
of materiel, including such significant items as vehicles, electronics and communications,
and equipment for the infantrymen. In fact, as I will mention later, one of our studies is on
developing a realistic cost-effectiveness model for evaluating infantry helmets.

I believe earlier Mr. Tropf alluded to AMC Regulation Number 70-28, which is on
systems analysis. In that regulation each of the major commands of the AMC has been
directed to set up a systems analysis group so as to support the requirements peculiar to that
command. In chart 4, 1 list the commands plus two laboratories that I believe should set up
systems analysis groups too. For example, in the field of infantry equipment, Natick needs
to set up a viable systems analysis group. Likewise, I feel that Harry Diamond Laboratories
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Systems Analysis needs boosting. The numbers in parenthesis in each of the rectangles
indicates roughly the number of people in the systems analysis groups at the time I prepared
the paper last month, but these numbers have changed somewhat since then. Many tasks, in
order to be coherent and meaningful, ought to be done on joint AMC bases with head-
quarters, AMC, AMSAA and one or more of the commands or Laboratories. Some joint
activities are presently underway.

SYSTf;S f.:.?tTSIS SYSTCI

I:..
RDTt0t:' AnsE: 'Lt ALA VIL TX CK ] t.-; .S .', :

SYSTE14S ANALYSIS BR
, (24)

AVIATiO'I IKATERI(L C;:D l ELECTR01;S C.'D

ST LOUIS. K:O J|FT 1.1. UTH. I:J

II

((o)

Chart 4

In fact, we have scheduled quarterly meetings of the systems analysis groups. The first
kick-off meeting along these lines was held at AMSAA during July 1968; this first meeting
set the stage for subsequent meetings. In September we held a 2-day meeting at Munitions
Command. The first day was an vxpose of headquarters, MUCOM. and the various arsenals
on their Research and Development activities. The second day was on procedures to imple-
ment closer ties among all of us. Next month is AVCOM's "Day in Court."
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Officially, we are organized as shown on Chart 5. We are however, in the process of
consolidating some of the activities and highlighting others. For example, methodology and
cost will be combined; a new division on air warfare will be set up; maintainability and
reliability will be highlighted and will enjoy the division status. For the moment, however,
let me give you a finer breakout of the organization as it is presently constituted.

ARMY P'ATERIEL SYSTEMS A?;ALYSIS AGENCY

DIRECTOR
DR. JOSEPH SPERRAZZA

AD:IINISTRATIVE OFFICE .

RICHA,.RD W. JACKSON. JR.

,;ETP'ODOLOGY COST RESEARCH AND HAINA5ILITY STAFF OPERATiadS
ANiD TECK:dIQUES RESOURCE ANALYSIS

OFFICE OFFICE AND RELIAULITY OFFICE

KEITH A. IYERS KEITH A. MYERS OFFICE DANIEL 0. O'NEILL

VDAW'.. G. SKIT" ELECTRONICS r'~iOm

r J" INTLICOFEI

Chart 5

Of more importance. however, are the next series of charts which highlight some of the
important tasks underway.
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WEAPON SYSTD4S DIVISION
1N. G. SMITH
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INFANTRY V.EAPONS ORr.RED SYSTEMS AIRCRAFT WEAPONS A12 01FNSE SUPPORT WEAPONS
ANALYSIS ANALYSIS ANALYSIS WEAPONS A i LYSIS ANkYSIS

R. L. SIKIONS G. 4. ZELLER H. KOSTIAK N. L. MERRITT C. T. ODOM

Chart 6

MOBILITY. CON.:'UNICATIONS AND
ELECTRONICS DIVISION
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AAALYSIS

OPERATIONS ANALYSIS RADAR Al D EL(CT CNIC
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Chart 7
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INFANTRY WEAPONS ANALYSIS

PERFORMANCE DATA BASE FOR ARMY WEAPON SYSTEMS (AMC)

MORTAR FUZE COST-EFFECTIVENESS STUDY (MUCOM 8 HDL)

ARMY SMALL ARMS PROGRAM (WECOM)

SUPPORTING RESEARCH - PISTOLS, RIFLES
MACHINE GUNS, GRENADE LAUNCHERS, Eft

PERFORMANCE DATA BASE

SYSTEM ANALYSIS OF SMALL ARMS

CANISTER AND BEEHIVE EVALUATION (MUCOM)

LETHALITY ASSESSMENT FOR SMALL ARMS, ANTITANK
AND MORTAR WEAPONS (MUCOM & WECOM)

FAE EVALUATION (MUCOM)

BATTLEFIELD SURVEY FOR WOUND BALLISTICS
VERIFICATION (IN-HOUSE)

Chart 8

ARMORED SYSTEMS ANALYSIS

MBT-70/M-60 COMPARATIVE EVALUATION PM-MBT-70, M67-70

ARSV (ARMORED RECONNAISSANCE SCOUT VEHICLE)
PD/CE STUDY PM-ARSV

VRFWS (VEHICLE RAPID FIRE WEAPON SYSTEM)

SYSTEMS ANALYSIS PM-VRF

105 APOS/HEAT COST-EFFECTIVENESS STUDY (MUCOM)

MICV-70 (MECHANIZED INFANTRY rOMBAT VEHICLE)
PHASE ill PD/CE STUDY (TACOMI

TATAWS III (TANK, ANTI-TANK AND ASSAULT WEAPON

SYSTEMS) (CODC

MBT-70 P/CR STUDY PM-MOT-70

REPAIR OF COMBAT DAMAGE TO TANKS IN-HOUSE

Chart 9
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SJPPORT WEAPONS ANALYSIS

HELMET COST-EFFECTIVENESS STUDY (NATICK)

ARTILLERY PARAMETRIC DESIGN ANALYSIS (MUCOM & WECOM)

COST-EFFECTIVENESS STUDY OF 105MM AMMUNITION (MUCOM)

DIACBA CONCEPT EVALUATION STUDY (MUCOM)

LETHALITY OF US AND FOREIGN AMMUNITION (MUCOM)

IMPROVED ARTILLERY EVALUATION MODEL (MICOM & WECOM)

LANCE WARHEAD SENSITIVITY ANALYSIS (MICOM-PM)

EVALUATION OF BODY ARMOR (AMC)

JMEM/SS (JTCGIME)

Chart 10

AIRCRAFT WEAPONS ANALYSIS

VIETNAM AIRCRAFT COMBAT DATA ANALYSIS

AH-IG WEAPON STUDIES

C/E cTUDY OF FIRE CONTROl. SYSTEMS

AIR CUSHION VEHICLE WEAPON STUDY

AIRCRAFT WEAPONI:ATION EFFECTIVENESS STUDIES

REDEYE VS GROUND TARGETS

2.75 INCH FLECHETTE ROCKET EVALUATION

30MM AND 2.75 INCH ROCKET COMPARISON

AVROC (40MM AVIATION ROCKET)

TRACER STUDY

Chart II
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RADAR AND COMMUNICATIONS ANALYSIS

MALLARD COMMUNICATIONS ANALY IS (ECOM)

TACTICAL COMMUNICATIONS ErFECTIVENESS (ECOM)

COST-EFFECTIVENESS EVALUATION MODELS FOR
COMMUNICATIONS SYSTEMS (ECOM)

RADAR SYSTEM IFFECTIVENESS (ECOM)

TRACKING RADAR ERROR MODELS (AMC, ECOM)

SIMULATED RADAR RECEIVER MODELS (ECOM)

SYSTEMS ANALYSIS OF ELECTRONIC COUNTERMEASURES (ECOM)

RADAR CLUTTER STUDY fAMC)

Chart 12

AIR DEFENSE ANALYSIS_

SURVIVABILITY OF TACTICAL SURVEILLANCE DRONE (ECOM)

ANALYSIS OF FIRING ACCURACY AND TRACKING
TESTS OF XM163 AND XM167 (TECOM & WECOM)

EVALUATION OF REDEYE AND CHAPARRAL LETHALITY (MICOM)

SURVIVABILITY STUDIES OF US ARMY AIRCRAFT
(LTTAS, UTIAS, AH-56A, ETC) (AVCOM)

SAM-D STUDY EFFORT (MICOM)

IMPROVED AIR DEFENSE EVALUATION METHODULOGY

PERFORMANCE DATA BASE FOR ARMY WEAPON SYSTEMS (AMC)

Chart 13
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IACTICAL OPERATIONS ANALYSI-

LASER HAZARD STUDIES (ECOM, MICOM, AVCOM,
WECOM & TACOM)

RAP (ROCKET ASSISTED PROJECTILE) SAFETY
HAZARD STUDY (MUCOM)

US AND ENEMY TARGET 4CQUISITIhN CAPABILITIES
ANALYSIS

THREAT AND OPERATIONAL ANALVSES DYNAMIC
TARGET ARRAYS

DYNAMIC ARMOR THREAT ANALYSES (FACOM)

THREAT ANALYSIS FOR EVALUATION OF SECONDARY
ROLE OF AIR DEFENSE CANNON (WECOM)

SEA NITEOPS INTERFACE STUDIES iECOM)

WDMET SCENARIOS

Chart 14

OMMND. CONTRL AND ENGINEERING ANALYSIS

LASER HAZARD STUDIES (ECOM, MICOM AVCOM,

WECOM & TAC6)

TOW HELICOPTER SIMULATION (AVCOM F MICOM)

SHERIDAN-SHILLELAGH SIMULATION (TACOM)

CHAPARRAL AND REDEYE SIMULATION (MICOM)

EVALUATION OF WESTINGHOUSE AND
EMERSON FIRE CONTROL OR GUIDANCE
TRACKERS (MUCOM)

Chart 15
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MOBILITY ANALYSLS

FUTURE VEHICLE CAPABILITIES ITACOM, AVCOM)

PHYSICAL AND PERFORMANCE CHARACTERISTICS
FOR TACTICAL VEHICLES (TACOM, AVCOM)

ANALYTICAL TECHNIQUES FOR DETERMINING VEHICLE
PERFORMANCE AND COST-EFFECTIVENESS [TACOM, AVCOM)

UTILITY TACTICAL TRANSPORT AIRCRAFT SYSTEM (UTTAS) (AVCOM)

MBT-70M-60 MOBILITY COMPARISON (TACOM)

MICV-70 TRADE-OFF ANALYSIS (AMC)

1-1/4 TON TRUCK STUDY (AMC)

RADIAL VS CONVENTIONAL TIRE STUDY (TACOM)

FOOD SERVICE FIELD FEEDING SYSTEMS OF ARMY UNITS (NATICK)

SINGLE VS TWIN ENGINE HELICOPTER (A1C)

Chart 16

METHODOLOGY

DEGRADATION EFFECTS PROGRAM

JOINT MUNITIONS EFFECTIVENESS NIANi.\AL
(St*RFACE- TO-SUR FACE AND AIR- TO-SURFACE)

IMPROVED AIRCRAFT AVAILABILITY MODEL (AVCOM)

SURVEY AND ANALYSIS OF AVAILABLE COMBAT
EFFECTIVENESS MODEL

IMPBOVED LETHAL .\REA MODEL (MUCOM)

STUDY AND COMPARISON OF RANGE ESTIMATION ERRORS (VECOM & TACOM)

DEVELOPMENT OF A STOCHASTIC TERRAIN MODEL

SUPPORT OF AIR DEFENSE TASK FORCE

Chart 17
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COST ANALYSIS

COST AND EFFECTIVENESS ANALYSIS OF SANDBAGS

DEVELOPMENT OF COST ESTIMATING RELATIONSHIPS

DETERMINATION OF INTRA-THEATER LOGISTIC FUNDING

COST LIBRARY AND DATA BANK

COST OF NON-FATAL BATTLE CASUALTIES

GROUND VEHICLE COST MODEL

Chart 18
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PRELIMINARY CONCEPTS FOR A TACTICAL
LOGISTIC VEHICLE EVALUATION METHODOLOGY

Captain Martin Wachs
Mobility, Communications, and Electronics Division

U.S. Army Materiel Systems Analysis Agency
U.S. Army Materiel Command

In the short time allotted to me I am going to summarize for you the approach which
our division of AMSAA is taking toward the measurement of effectiveness of tactical logistic
veh-cle (FLV) systems. I will discuss the philosophical basis for our approach and describe in
broad terms some of our modeling efforts. Time will not allow a detailed treatment of our
mathematical models.

The role of the logistics system is to permit combat commanders as wide a freedom of
choice in strategy and tactics that the tactical unit structure, the enemy situation, and the
fighting environment such as terrain and weather, will allow. Stated in another way, an
organization of " ctical logistic vehicles is effective in the degree to which it minimizes the
logistical constraints upon the tactical units. Some examples of constraints which may be
placed upon a tactical combat organization by an inefficient logistics organization are
limited maneuverability caused by fuel shortages or late deliveries, as well as limited fire-
power due to lateness or absence of ammunition deliveries. The effectiveness of the tactical
logistic vehicle system, which is one major subsystem of the total logistics system, may be
rated by the extent it prevents these constraints from occurring under a variety of combat
conditions.

This view of TLV 3ystem effectiveness represents a significant departure from the
effectiveness concepts employed in past and current evaluation efforts. The more traditional
view has been that the effectiveness of a vehicle system could be isolated from the tactical
unit structure and tactics, and measured in termb of the ranges of performance of individual
vehicles. The effectiveness of organizations of vehicles, according to the traditional outlook,
has been the sum of the performance of the individual vehicles. The measures of effective-
ness that we propose are mission oriented and related to organizational as well as hardware
properties. They are the result of attempts to make the vehicle evaluation process more
comprehensive and more valid.

Having stated, even in a general sense, the measure of effectveness for a TLV system,
we can immediately see that effectiveness will depend heavily upon the interaction of this
system with other systems and with a cc nplex environment. Variations in the mission of
the tactical unit, the terrain, and the enemy situation will dictate the appropriate measures
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of effectiveness of the TLV system (the "tests"); interaction of the TLV system with the
above factors will determine the performance of the system (the "scores" on those tests).
The eff, -tiveness of TLV organization in a particular mission and environment will depend
upon the inherent performance of its vehicles in that environment and also upon the ability
of the TLV organization to manage and schedule its human and mechanical resources in
order to maintain and effectively utilize its vehicles. The measures of effectiveness proposed,
therefore, include parameters which must be derived from both vehile and organizational
characteristics, and alternative TLV systems considered should be permitted to vary in both
their vehicular and organizational characteristics. Titc conceptual evaluation model was
planned with these dual goals in mind.

Attention is being given throughout the model-building, and model-articulation efforts
to the development of methods that will permit sensitivity or parametric analysis as well as
to produce methods of generating response curves and performance envelopes as functions

of important system parameters. One important outgrowth of this should be the ability to
compare the cost and effectiveness responses to changes in the number of vehicles assigned
to an organization, with responses to changes in organizational structure (e.g., more
mechanics yielding higher vehicle availability). This should provide military decisionmakers
with a wider range of information than is currently available. Finally, an important attribute
of the proposed evaluation scheme is that it allows comparisons of dissimilar system alterna-
tives. Thus, wheeled vehicles, tracked vehicles, aerial vehicles, or even pipelines could be
compared to one another according to their performance and costs.

Since the measures of effectiveness we propose are mission-oriented, let us look at a
simplified version of a typical logistics mission, as shown in Chart 1. A tactical combat unit is
moving forward, away from some rear supply point, as a battle proceeds. The tactical
logistic vehicle organization must move supplies forward from the supply point to the
combat unit, over specified terrain. The amount of work per unit time, which must be done
by the tactical logistic vehicle system, increases with time as the diameter of the loop
increases. At any time during the mission the total number of vehicles in the TLV organiza-
tion consists of some which are operating in order to make scheduled deliveries of supplies,
some which are "spares" and are not required to meet scheduled deliveries but which can
respond to unscheduled demands, and some which are unavailable because they are down
for maintenance. As the mission proceeds a point is reached at which there will no longer be
any available spares, and at this point the organization's ability to respond to unforeseen
demands is seriously reduced. This situation constitutes a serious logistic constraint upon
the tactical combat organization. As the battle proceeds further, a point is reached at which
the logistic loop is so large that scheduled flows of supplies can no longer be maintained,
and the combat organization is further constrained.
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EXAMPLE OF A LOGISTIC LOOP

7:c- - - ___

REAR TACTICAL UNIT
SUPPLY MOVING FORWARD
POINT OVER TIME

Chart I

In order to operationalize the concept of "logistic constraints," we can describe the
logistic requirements of the combat organizations in terms of a set of parameters and then
use estimates of vehicle system performance in order to determine at what points the level
of system performance falls below the requirements.

LOGISTIC REQUIREMENT
PARAMETERS

I. FLOW RATE

2. RESUPPLY TIME

3. RESPONSE TIME

4. AUTONOMOUS SUPPLY PERIOD

Chart 2
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There are four interrelated parameters that may be used to specify the nature of
logistics requirements. These are: 1) flow rate, 2) resupply time, 3) response time, and 4)
autonomous supply period. Each of these parameters may be measured with respect to a
given type of supplies, such as ammunition, POL, or food.

The required flow rate for a particular type of supply is the quantity of that supply
required by the combat organization per unit of time. Thus, 10 tons per day or 70 tons per
week would appear to be equivalent flow rates. However, because of the need for security in
combat areas and because of the technological nature of the delivery system, there are
significant differences, in reality, between aggregated and disaggregated flow rates. Required
resupply time is the time period bvtween required shipments to the using combat organiza-
tion. Thus, if the organization uses 10 tons of ammunition per day, and for security reasons
the limit on ammunition stored by the combat organization is also 10 tons, the resupply
time required must be I day. For simplicity, we wilt always refer to the required flow rate as
quantity required per resupply time period. If this choice of time units is for the flow rate,
the required resupply time is simply the inverse of the required flow rate.

The required response time is the time which may elapse between the issuance of a call
or request for a certain item or quantity of supplies and the time by which those supplies
must be delivered if they are to be employed most usefully by the combat organization. Th-
autonomous supply period is the maximum length of time a combat organization can
operate under specified conditions without receiving any deliveries of supplies, if it began
the period with its maximum complement of those supplies on hand. Thus, if an armored
division begins an operation with a full load of ammunition, its autonomous supply period
for ammunition is the period of tiwe until all that ammunition is spent, assuming no
intermediate deliveries. The maximum possible resupply time corresponds to the
autonomous supply period.

Next, consider a particular TLV system which is to be evaluated. This system consists
of a proposed number of vehicles maintenance facilities and manpower; command, control.
and communications elements; and vehicle operating crews. We must determine how well a
particular TLV system of vehicles, facilities, and men will perform.

The performance of a TLV system will be measured as the flow rate, resupply time,
and response time which that system can provide in the particular combat situation of
interest. The measures of effectiveness for the system may then be viewed as the degree to
which these performance variables meet the required flow rate, resupply time, and response
time which were discussed above.
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TACTICAL LOGISTIC VEHiCLE
SYSTEM- PERFORMANCE

I. EXPECTED FLOW RATE

2. EXPECTED RESUPPLY TIME
3. EXPECTED RESPONSE TIME

THESE ARE FUNCTIONS OF

I. CAPABILITY

2. DEPENDABILITY

3. AVAILABILITY

Chart 3

The number of vehicles which must be operating is dcpendent upon the capability of
an individual vehicle to perform in the given environment. For each vehicle we must calcu-
late how much it can successfully carry over the terrain of inteto_ and at what average
sp ,ed. Several Army agencies have developed models that can help to provide this informa-
tion. In particular, models developed by the Waterways Experiment Station (WES) and the
Army Tank and Automotive Co! .iand (ATAC) relate ground vehicle performance to
terrain conditions and the distribution of obstacles over that terrain.

Another parameter essential to the estimation of the effectiveness of a TLV organiza-
tion is the dependabilit. ot its vehicles. Dependability is the probability that a vehicle will
complete a mission without experiencing mechanical failures. It is a function of the vehicle
construction (inherent dependability), the physical envirouiment in which it operates, and
the efficiency of the maintenance organization. Dependability must be estimated from
vehicle test data and field experience (TAERS data), or engineering estimates may have to
be employd when the vehicles under considc-ration are only in thc design stage of their
development. Measures of dependability are useful in the estimatio-i of necessary self-repair
capabilities to be built into vehicles and crews, requirements for retrieval equipment, and
other factors in addition to availability.
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As the vehicles operate over time, some will fail and require maintenance, and some
will also require scheduled preventive maintenance. The number of vehicles down will

depend, in part, upon the dependability of those operating and the rates ot rep ir for those
needing service. In addition, organizational parameters (e.g., repair rates) will affect the

availability of the vehicle system. Availability may be defined as the proportion of vehicles
in operation or operable at a particular time during the mission. Chart 4 illustrates th
simple queueing theory model which utilizes failure and repair rates to arrive at an "stimate
of availability for the organization of vehicles under scrutiny.

VEHICLE ORGANIZATION FLOW MODEL

WAITING LINE
0 OPERABLE

SPARE VEHICLES

(rcpoir
Ir raes)

VEHICLES VEIIICLF, IN
IN MAI NIEiNANCF

SERVICE S1OII

(failure
rates)

WAITING LINE
1OF INOPERABLE

VEHICLES

Chart 4

The outputs of models of availability and capability may be combined to estimate
expected flow rates, resupply times, and response timc.- as the combat mission continues.
The comparison of these parameters with the logistic reymairements provides the mechanism
by which effectiveness may he measured.
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The concepts of effectiveness discussed so far are time-dependent because the models

permit the effectiveness measures to change during the duration of the mission. We still
require methods which look at effectiveness and costs of systems over much longer spans of

time. Ideally, we would like to look at variations in effectiveness over the lifetime of a
system as missions and dependability vary. As Chart 5 shows, we need a time dependent
view of effectiveness because our system evaluations are mission-oriented, and the spectrum

of missions which the system will have to perform must change with time. In addition the
wearout and attrition of our current system changes its cost and effectiveness over the years.

We have many options as to the time phasing of our RDT&E as well as acquisition of new
systems, and decisions between these alternatives should reflect the different streams of
effectiveness over time associated with each option. Larry Smith of AMSAA will now
present our approach to dealing with this time-dependent view of cnsts and effectiveness.

REASO;,S FOR TI. -DEPE I E T

TR.AT.;E; T OF CST C EFFECTIVE;: ESS

eSYSTEM EVALUATIONS ARE MISSION-

ORIENTED AND SECTRUM OF MISSIONS
CHANGES WVTH TIME.

*ATTRITION & WEAROUT CHANGES COST
& EFFECTIVENESS OF CURRENT INVENTORY

OVER TIME.

*RDTSE AS WELL AS ACQUISITION CAN

BE ACCOMPLISHED AT DIFFERENT PACES-
EACH WiY,*H AN ASSOCIATED STREAM OF

COSTS AND BENEFITS.

Chwt 5
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VEHICLE EVALUATION

Mr. A.L. Smith
Mobility, Communications, ,;,d Electronics Division

Army Materiel Systems Analysis Agency
U.S. Army Materiel Command

Captain Wachs has discussed the need for a time-dependent definition c" materiel
system costs and effectiveness. I shall present our approach toward making these concepts
operationa'.

We can present to the decisionmaker the types of information shown in Chart 1.

Given a targe, date, n, we want to determine the minimum cost to attain a given level
of effectivenss by them.

If we choose a target date, such as the point n on the abscissa of Chart I, notice that
we can reach effectiveness aI at a cost which is less than the cost of maintaining the present
level ap . Reaching a2 by this time will cost us still more. Notice that because of constraints
on the problem, a 3 cannot be reached by time n, no matter what we spend. Consider
another tradeoff. If we wish to spend Ca2 dollars, we can achieve a2 by time n, or we can
reach a3 if we wait until a later date.

MINIMUM
COST

Cc2 . . . ...

n TIME

Chat
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The model that we develop should not only yield the minimum cost overtime to reach
a given level of effectiveness, but should also provide a strategy for achieving that minimum;
that is, our model sholid give us a minimum cost allocation of resources.

The general format for obtaining this desired infcrnation is shown in Chart 2. This
figure is fairly self-explanatory. The general idea is to select the minimum cost allocation for
parametrically fixed levels of effectiveness. These levels oi effectiveness are reflected as
Return constraints in the following way: an allocation feasible over the set of return con-
straints will be at level an , by time n and well maintain the minimum levels, oj, for

OBJECTIVE: Allocate resources so as to minimize the cost of achieving
some desired level of effectiveness by the target year. n.

CONSTAINTS:
Return: 1. Level of effectiveness at time n is

2. Level of effectiveness up to time n is at
least (j-i1, ... , n - 1).

Production: Capacity of Production Facilities,

Inventory: 1. Accounting

2. Storage Capacities

Other: Organizational Considerations

Char, 2

I will illustrate these concepts with reference to a specific application on which we are
now working.

TACOM is conducting an evaluation of the cost-effectiveness of using radial tires in the
tactical vehicle fleet. In support of this study, we are developing minimum cost policies for
phasing over from the conventional (bias ply) tires to radials.

The problem description is shown in Chart 3. Given that we wish to have the entire
fleet using radial tires by some time in the future, we wish to phase-over in a way that
minimizes total system cost. The relevant cost components are listed under Objective in
Chart 3.
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OBJECTI\n: To phase-over tactical vehicle fleet from conventional to

radial tires in a way which minimizes the following costs:

*Production

*Shipment from production points to units

*Shipment of usable conventionals from a unit which has

converted to one which Las not.

* Operating

*Capital

CONSTRAINTS:
Return: Maintain some minimum level of effectiveness

over time horizon.

Production: The production of a given size radial tire is
constrained by the availability of molds

Inventory: A unit cannot use both radials and conventionals
of the same size in a given time period.

Initial shipment of radials is made in the

phase-over period.

Chart 3

The return constraints are set by choosing the time at which the phase-over is to be
complete. This selection of the phase-over period sets bounds on the effectiveness. If we
assume that the radials are more effective, our system is at least as effective as the wholly
conventional system during the phase-in. After the phase-over is accomplished our system
effectiveness is that of the wholly radial system.

There are physical production constraints for radials, because of the limited availability
of molds for the various tire sizes, but the production of conventionals is taken to be
unconstrained.

Organizational considerations generate a special type of inventory constraint in this
problem. It is highly undesirable to mix radial and conventional tires on a vehicle, because it
degrades the life of both types of tire and can cause vehicular instability. Because of control
problems at the usage points, it has been decided that to avert this mixing, and a unit will
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have only one type of tire in inventory during a given time period. Furthermore, since the
conditions for tire storage are much more favorable at the production point, we will not
ship radials to the unit before the period in which we decide to have it switch to radials.

We have formulated this problem as a mixed-integer linear program, which we should
be able to solve using one of the existing techniques.

Chart 4 represents part of the output of our model. "'he curve shown can represent the
effectiveness level bounded as I previously described. Notice that there is a region (n*< no )
in which no feasible solution exists, because we are unable to produce enough radial tires to
phase-over the whole system. As n* increases the problem becomes less constrained, and
therefore the minimum total cost decreases.

A
MINIMUM

TOTAL COST

TC,
rCa

I I
I I
I I
I I

, - I I
no n 62  N TIME TO

PHASE-OVER
(n*)

Chart 4

One of the things which the decisionmaker can weigh is the value of obtaining the
effectiveness of an all-radial system at time n 1 over that at n2 versus the difference in cost.

We can define cost curves for other levels of effectiveness by employing different
bounding rules. For example, we may be able to isolate certain tactical units where radial
tires are particularly effective and give these priority in the allocation of the available
production. This is a more restricted problem, and the cost 9.urve would be higher than that
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shown in Chart 4, Th , decisionmaker can weigh this increased "effectiveness" against tile

increased cost. If we are able to define explicit effectiveness relationships, we would be able
to use these as the return constraints.

Finally, by relaxing the requirement that the two types of tires cannot be mixed in the
unit's inventory system, we can give the decisionmaker an estimate of how much he might
be willing to spend for a control system.

In order to treat the problem quantitatively, we need data. Currently, we're optimistic
about data availability, as shown in Chart 5. Much of the data should be readily obtain.,ble.

We have a long history of using conventional tires; hence, costs and usage rates are
probably well documented.

Shipping costs should be readily available.

We will attempt to estimate demands from such things as the number of vehicles
in various organizations, tire life data, and the histories of milk drivLa by the
vehicles in a given organization.

For some inputs, sucn as the cost of producing radials and the production constraints
for them, we will necessarily rely on manufacturers' estimates.

We have attempted to show our approach to defining materiel system cost/
effectiveness, and how this thinking manifests itself in the formulation of specific problems.

LI,
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DATA

9 Readily Obtainable

Cct of Producing Conventionals

Shipping Costs

Estimates of Demand

* Manufacturer's Estimates

Cost of Producing Radials

Radial Production Constraints

Chart 5
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INFORMAL REMARKS TO AMC SYSTEMS ANALYSIS SYMPOSIUM

Honorable A lain C. Enthoven

Assistant Secretary of Defense (Systems Analysis)
Office of the Assistant Secretary of Defense

I'm very pleased and grateful for the chance to speak to Army systems analysts and
executives working in systems development and logistics management. First, I think the
Army has substantial achievements in these areas of which it can be very proud, and I want
you to know that this is my view and my staff's view. Second, I believe in the purposes of
your symposium, and I particularly want to emphasize the thought that improved under-
standing of systems analysis both in and out of the field is very important today From what
I read in the newspapers lately, it looks like we're going to have a lot of new explaining to
do. Third, I have a great deal of respect for your knowledge and responsibilities, and I
expect that the members of my staff attending the symposium and I will personally benefit
from exchanging views with you here. In this regard, I hope my part of !he meeting can be
informal, and I will be happy to answer your questions. Finally, I am honored to have been
asked to speak to you; I hope you'll find the result worthwhile.

I piopose to discuss briefly the following topics:

The working principles of systems analysis as it is used in the Office of the
Secretary of Defense.

The present state of materiel systems analysis, mainly, of course, in relation to the
Army's weapon system and other materiel needs.

Some of the relatively new management and analysis tools we are using in the
Army materiel area.

The general DOD budget situation and how it may affect Army materiel
programs.

I also want to note that I do not claim expertise in logistics management or new
weapons design and development. I've learned a lot about them in the past few years, but
what I say today still must necessarily be from a more general standpoint rather than from
detailed knowledge.
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Systems Analysis in OSD

Systems analysis is used by the Secretary of Defense to ensure that alternative levels
and mixes of forces are identified and analyzed before he makes a decision or a recommen-
dation to the president. This use has become a routine matter and I think there is no
question but that it is right-the secretary should consider such alternatives. In my opinion,
the search for alternatives and their explicit consideration at all decisionmaking levels in the
Pentagon are a vital part of the Defense decisionmaking process. Because of the character of
the issues involved, as well as the complexity and uncertainties inherent in any defense
program decision, it is not enough for the Secretary of Defense to consider a single staff
solution, no matter how well-reasoned it may be. Most decisions regarding the size and mix
of our forces require broad judgments about the specific objectives that are being soug.,
and the circumstances in which the forces are to be used. These are matters of broad
national security policy, and the only way the Secretary of Defense can effectively translate
his judgment about them into action is by choosing from among alternative programs.
Systems analysis helps to identify and clarify the key issues and assumptions in the alterna-
tives, as well as to present the alternatives in such a way that the Secretary and other
politically responsible generalists can understand the essentials and maake a reasoned
decision.

A second distinctive feature of systems analysis for the Secretary of Defense is an
explicit awareness that our overall national resources are limited. Thus, we accept the
relevance of cost in defense programs, and, in particular. the total, long-run system cost in
all its different components, not just procurement or operating costs in this year's budget.
As you know, many people still believe that cost simply isn't reke'ant !cp defense-that
where national security is concerned money is no object. I agree that we should not let
arbitrary financial limits prevent us from buying the military power that we really need to
assure our national security, but to go from that premise to the conclusion that money is no
object is simply unrealistic. We must consider the cost of our programs in deciding whether
or not to pursue them, because resources are limited and cost, therefore, is really effective-
ness foregone elsewhere.

The third important characteristic of our systems analysis activity is the way we use
the tools of analysis. For example, while our quantitative methods range from the simple to
the most complex (although, usually, we're just doing arithmetic), our emphasis is not on
the methods themselves but, rather, on defining and solving problems as completely as we
can by whatever means are appropriate. Our analyses aren't j t quantitative; they also
include discussions of nonqu.ntitative aspects of the problem and, as you know, these
aspects often have critical significance. Moreover we try to point out the limitations of the
quantitative parts of an analysis to put them in the right perspective relative to the overall
problem.
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A fourth distinctive feature of our systems analysis activity is the concept of open and
explicit analysis. By that, I mean that for each major program decision the Secretary of
Defense has required that supporting analyses be circulated to all interested parties. In this
way, all interested parties can see the methods and assumptions used and how the conclu-
sions were reached. The result is the greatest possible assurance that the Secretary of
Defense will hear all sides and have a much better statement of the issues, the assumptions,
and the uncertainties than would otherwise be the case.

Fifth, and very important, systems analysis for the Secretary of Defense means under-
standable analysis. To be perfectly frank I must say that a great deal of almost totally
incomprehensible material comes to our top level decisionmakers as rationale meant for
their personal consideration. As a result, a great deal of our effort is spent just in explaining
such cases so they really can be understood. Obviously, the decisionmaker wants to be free
to concentrate on those aspects of the problem where his judgment is needed. He should not
have to use judgment to make up for an unclear explanation. This does not mean that the
decisionmaker must have explanations of the most minute details, and I don't mean to say
that decisionmakers should not have faith in their subordinates. I do mean, however, that
whatever information is presented should be something the decisionmaker can really use.
The information and logic must be understandable; otherwise, the decisionmaker might just
as '11 not get anything but a request for a rubber stamp approval.

My main reason for reviewing these principles here is simply to rLaffirm them and
emphasize my belief that they should apply to systems analysis activities in every part of the
Defense Department. Systems analysis can serve the new administration well. iust as it does
the current one, ar-' I fully expect that this will be the case.

Weapon Systems Analysis for the Army

In my opinion, systems analysis problems tend to be more complex for Army weapons
than for weapons of the other services. For one thing, most Army weapons perform
repeated and varied opera ovei long periods of time rather than for a relatively brief
period. As an illustration ot extremes. contrast the single shot ICBM with artillery. Second,
2he ranges of possible use and effects of Army weapons often are very broad. Again consider
the artillery example. As you know, there are many kinds of artillery ammunition having
widely differing effects. Third. most Army weapons are subject to many different kinds of
threats. It may be necessary to cotsider vulnerability to eveiything from air attacks to
peaetime sabotage. Often both nuclear and non-nuclear war problems must be considered.
In short, the analyses of Army weapons have to deal with a great many different kinds of
situations and. in addition, there is the very difficult problem of determing the relative
significance of differert kinds of situations. Finally, it is ctcn necesary to ar,,.'ze a
number of different weapons in combination because of close team relationships which
further greatly complicate things.
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Thus, the quantitative description of land combat processes, as we all know, is a
terribly complicated business. The attempts at detailed descriptions have become most
complex and lengthy and, I might add, very expensive in terms of anaiyticai manpower. Yet
the situation still is anything but satisfactory. It seems to rue that certain points have
become veryv clear:

I . Regardless of their validity, most studies using the complex I, els and
simulations are almost impossible for anyone except their authors to Understand nd, thus.
they often fail to have any impact on the ultimate dlecision processei.

2. These studies often are seriously out of balance, applying great amrounts ol
,detailed treatment to some parts of the problemn (sometimves, in miy opinon. only oecause it
happens to be possible to do so) whc:reas other imp,)rtant parts are handled in relatively
crude ways or not at all. They violate one of the b2siL rules of good systems wnalysis. that is.
"it's better to be roughly right than exactly wrong"

3. Most important, -'spite increased sophistication and detail in these st'ldies.
they often seem to be pretty illogical. Thus, even through systems analysis work on land
forces materiel has increased in recent years, It still seems to he conctentrated in a few not
very successful major efforts covering a small number of' the total amount of weapons and
materiel items needing treatment.

At this point, you have every right to demland some kind of positive recommendation,
so let me offer the following: we should shift some of our effort away from conce ntration
on minute detail and modeling of comiplex processes. and we should greatly increase ouir
emphasis on the log. J. designi of analyses ani oin devisinyg simple, uinderstandable compari-
sons of measurable c'apabilities. I think this will imnprove thc quality ol our work; and the
decisicinmaskers will be better :kble to us.- it because they will understanri i,. better.

We all recognize that decisionmaxers usually add miany judgments to the numerical
facts and logic thaut they consider. This, of course, is as it should be, My experience i,,

nowever Ih-4t m nloot w! cre the eitrmik duesn't personally understand at least
the basic stic,,:re of lhe quantitative .nalysis given to him, hie not only add, itudginents to
tht atialyss but he also is more than %illing to completely replace the analy is with

opinions. ! think ou probably wi gree that a )lirge amount of analytical effort has turned

Secod, beleveone of tlhe best tests of the logic of an analysis i-, a simple lsc-riptto-
of he srtilalfeatures of this logic in laymn'ns l.Anguage. I will admit that. in principle

th~ere cart be valid analys-es of any degree of complexity, going far be'ajnd even the mos,
intelligent ptrson's ability to comprehend readily. In my expcirience in Jefenst- analysis-,. we
have not yet encountered a real life situation where such complexity was truly necessary, In
shoil, I tvlprve that, if somconc's rdtionale can't be explainied in a comparatively simple
fashifun, it almost always means there's something wrorg willh it.



We are really very fortunate that this is so because it gives us opportunities to test the
sounkdntss of* an analytical approach bef'ore extensive fact gathering and detailed caL.,ulat~on.
T1his is part of' designing systems analyses from the top down, an extenlsion of what I like to
call McNamara's First 'aw of Analysis: "Always start by looking at the grand totals."
Whatever problem you are studying, back off and look iai the total context in which the
problem exists. D)on't start with a small piecc and work up look at the total first and then
work down to the problem. Thus, if you are looking at a matter of cost, look at total system
cost. not just this yc:ar'r prcu.-rent but total cost over the useful life of' the system.

As applied to delligninp a systems analysis study. the -First Law" calls for defining the
problem and looking for the ultimate logic that should be used to decide the issue in
que~stion. This sounds obvious, but i'm convinced it has to be sidc because so many study
efforts still seem to charge off on detail without having a logical way of relating dci. to the
overall problem.

In my opinion, !he design phase usually is by tair the toughest and most critical part of
the whole study. It nay require a lot of preliminary cost and effectiveness estimating and
rough trials, and it may take tip i significant portion of the total timec spent on the study. It
also often takes an iron will to carry out, because f'or a while there may not be much to
show on tie ,,atter. The bo'.ses may he demanding to see a si/Cable team of analysts busily
generating books full of informiation while you are able to show only one or a few study
designers still trying to define the problem. We'll just have to keep trying to convince our
superiors that there's no ,joivt in launching a larger effort until we really know what's
needed a:d licvk ail the parts fit together.

I believe that this kind of redireci-tion to simplicity and under'tandability will ulti-
mnately biring us, a greaiter numbe-r of' more useful Studies.

Blecause we vere hav'ing -) little succ:cs. with the largv. comiplex stutlics, we redirected
somne of' our ow n land ft), :es .inalys". alon'g new lines, We began devising Capability Indices
(or the, Lind forces. w hich brings me ito in m tXt topic.

Now %naugemrni and Analytical Tools

We have %pent about a yca now orn the Capability Indices. Many are based on materiel
capaibilities. For examnple, we ealculite quantities such as the total letiwl area per ,nute
that our aii'ery 1h(rccs atv capable of' "proucing." and the totail troop miles pecr month
that our lif't helievipter I'Orces can carry.

We are cii hasuing siaightforward arithmetic calculation in these measures, nothing
fancN. We ar-- r'asonibly suire that everyone who iyu--, themn in the deeimionmaking
proccN ~sWill iindc(Stan'd themn. 'And while I .idinit that they're rather primitive, I do be-lieve
they will havc 'oreat uti'ity, I t'xpct Oie main usc, will be in f'orcc comnparisons for setting



overall force levels and for evaluting force mix alternatives. We already have set overall force
levels in a very elementary way, in a comparative appraisal of NATO and Warsaw Pact force

levels. This comparison has turned out to be one of the most useful devices we have for

analyzing the situation in Europe.

We do not yet have a force mix comparison based on the capability indices. However,

what we have in mind arc equal cost and equal effectiveness trades. It should be possible

with the indices to get a reasonable idea of how a new materiel item would affect overall

force capability wher, replacing something of the same general type that we already have, or

p!an to have. Thus, we car see whether, and how much, overall force capability would be
increased by putting in a given quantity of a new item and taking out an equal dollar

amount of some other item or items (an "equal cost trade"). In addition, we can see
whether and how much total force cost- vould be reduced by putting in only enough of a

new item to replace the effectiveness of the items dropped out (an "equal effectiveness

trade"). Needless to say, if the new item is more efficient than the old, a substitution
between the equa! cost and equal effectiveness amounts would provide both increased force

effectiveness and reduced force cost.

In my opinion, if the services increase their use of this kind of tiadeoff analysis, they
will improve the quality of their efforts on evaluating new items. This, in turn, should

cert3inly lead to bettei service proposals for force changes and, ultimately, to more effective

forces. It would be a vast improvement over today's situation where most proposals are
either for a puie add-on or for a one-for-one replacement with a more expensive, and
hopefully more capable, item. Collectively, such proposals amount to little more than a
shopping list for the total of which there is never enough money. This simply means that the
services fail to contribute all they should to helping the Se.-retary of Defense choose.

The AH-56 procurement decision earlier this year was made on an equal cost trade
basis. A3 you know, the AH-56 is a heayily armed helicopter which promises a major
advance in our capability to provide responsive, discriminate fire support near our ground
troops. it also appears interesting as an antitank weapon.

Early this year, the Secretary of Defense approved a plan recommended jointly by the
Army and OSD which will phase in AH-56s while trading off existing items and personnel

which would cost the same over 10 years. If we are right in going ahead with this procure-
ment, it should be the case that 'he tradeoff of tube artillery, tanks, and less capable armed
helicopters is appropriate in view o' the missions, which the AH-56 is expected to perform.
In other words, the new force ought to be more effective than the one it replaces. Perhaps

the AH-56 superiority will turn out to be so great that even greater r?,.uctions can be taken
in other parts of the force structure to achieve some cost savings. But we do not yet know

this. Thus, under thL -ircumstances, the Secretary believed that for now we should plan
only on trading for equal cost.
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In certain future cases, equal effecti,-riess trades and improved effectiveness, but
reduced cost trades und *ubtedly will be appropriate. This in no way implies, however, that
there is to be a "ceiling" on the cost or capability of the Army. I understand that questions
have been raised along this line. I can only answer "hat being able to inake tradeoff analyses
is not the same thing as deciding how to use them. Clearly, whether or not to change a force
level is a specific policy decision completely independent o1 analytical techniques for com-
paring one kind of weapon or force with another. I expect that our force levels will continue
to be set on the basis of our needs as in the past.

Another important addition to our management tools is the Development Concept
Paper (DCP). The Department of Defense spends a substantial portion of its budget each
year on research and development, and this is clearly one of the most important defense
programs. We know that it isn't possible to plan inventions, and that advances in technology
are not susceptible to orderly prediction. But when it comes to engineering development
programs intended to serve specific military purposes, and having costs measured in
hundreds of millions of dollars, we believe Defense Department top management must see
to it that the foundations of each program are thought through before we begin to make
large financial outlays. We need to have a clear statemert of what each program is intended
to accomplish, at what cost, in what time, and the reasons why it was chosen in preference
to alternatives. The DCP is an attempt to provide this.

The DCP has several purposes. First, and probably most important, it documents the
performance, cost, and schedule estimates, as well as the technical risks, which were the
basis for tl'e decision to start or continue a development program. We want to establish
clearly for the record why a development program was started, what we hope to get out of
it, and the key assumptions underlying the decision.

The DCPs do not represent an attempt to insist on precise analysis and completely
accurate cost and schedule estimates. This is impossible in an area where large uncertainties
are inherent. Nor do we intend to avoid taking chances. Rather, we want to make clear from
the outset, the expectations and judments concerning the uncertainties, risks, and potential
payoffs, and to document any disagreements about these expectations.

The goal is to minimize tendencies to over-state expected performance or benefits and
under-state costs and risks merely to get a project under way.

A second purpose of the DCPs is to proviuc thresholds in these estimates which, if
exceeded, would call for a reconsideratioT, of the project by the Secretary of Defense.
Estimates in a DCP will be periodically upwded, and the new estimates compared with the
original estimates, so that the Secretary can see if expectations are being realized and if the
reasons for continuing the project are still valid. It is in meeting this purpose that the DCP
serves as an important management control device and not merely a historical record.
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A third purpose, which all DOD management tools have in common. is to provide a

means whereby the secretary's staff and the services can communicate with one another on
projects of mutual interest. If there are conflicting ideas about the potential usefulness of a
proposed new weapon system, these disagreements are brought out into the open and
discussed before a great deal of time and money have been spent and perhaps wasted. If
there are alternative ways of meeting a projected need, these can also be discussed and
compared and a rational allocation of development funds agreed upon.

As yo,. may know, DCPs as a regular procedure are less than a year old. But the best

ones show clearly that this technique has a great deal of promise, including, I think, poten-
tial for management purposes soiely within the Services as well as within the overall DOD
framework.

DOD/Army Budgetary Situation

We face major financial problems for FY70. We're going into the final stages of budget
preparation with a budget submittal from the services, which is considerably higher than the
FY69 program. There are strong competing demands for every dollar we want to spend.
And this isn't just a short run phenomenon, a part of this year's budget "crunch." It's a
problem that's going to be with us permanently.

Yet, I seriously doubt that there is enough practical reflection of this in the Army
materiel field. We keep developing major items of equipment that will be much more costly
to procure and operate than their predecessors. There would be nothing wrong with this if
we could be confident that the increase in effectiveness was at least in the same proportion
as the increase in cost. We are buying systems where this clearly is the case: for example, the
C-5A and Poseidon. But for a significant number of systems, we are at best uncertain.
Because of the complexity of land combat, we may usually be uncertain whether the new
system is more effective in relation to cost than the old one. I wouldn't want to argue that
we should never go ahead with a new one unless we can prove conclusively that it is more
effective. But we shouldn't go ahead, on the other hand, just because it is new and there is
no conclusive proof that it is less effective in relation to cost. A judgment will always be
needed. And we should be clear on the point we're judging. That is, is the new system more
effective than the old in relation to total system cost?

It's important that we make the right judgment, because the more costly the weapons,
the fewer there are. A mistake in a judgment of this kind could mean a drop in our total
effectiveness. I know you realize this, but I feel the point needs to be stressed anyway since
we still seem so far from a really satisfactory solution to the problem of increasi.g cost and
complexity of weapon systems.



COST ANALYSIS TECHNICA L MANUAL (CATEM)

L t. Barry E. Feldman
Systems and Cost Analysis Division
Comptroller/Director of Programs
HQ. U.S. Army Materiel Command

Purpose of Briefing

The purpose of this portion of today's symposium is to present to you a discussion of
the maior effort being undertaken by the Systems and Cost A.ajysis Division to develop a
technical ieference capabihity, which will put the variety of available analytic techniques in
their proper perspective with regard to the performance of the myriad of AMC functions
and provide AMC personnel with the tools necessary to perform their functions with a
greater degree of precision and sophistication.

Content of Manual

This effort, entitled the Cost Analysis Technical Manual (CATEM), is designed to
present chapters that deal with specific theories, concepts, and models from four basic
disciplines, as related to the total spectrum of cost analysis activities. (Chart 1) These
disciplines are: Cost Analysis, Economics, Operations Research, and Statistics. Each chapter
is designed to present a theoretical discussion, followed by demonstrative cases and applica-
tions to cost analysis and related AMC activities. The following charts contain the titles of
the 12 chapters under preparation. (Charts 2 and 3).
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COST ANALYSIS TECHNICAL. MANUAL (CATEM)

- DISCIPLINES COVERED -

1, COST ANALYSIS

a. COST CONCEPTS

b. MATHEMATICS OF FINANCE

c. DATA COLLECTION

2. ECONOMICS

3. OPERATIONS RESEARCH

4. STATISTICS

Chart I

COST ANALYSIS TECHiICAL MANUAL (CATEM)

- CHAFTERS -

1. INTRODUCTION

2. COST CONCEPTS

3. PRINCIPLES OF STATISTICS AND THEIR APPLICATION TO
AMC ACTIVITIES

4. THE APPLICATION OF THE TIME VALUE OF MONEY THEORlY
TO AMC COST EVALUATION ACTIVITIES

5. THE TOTAL INFORMATION SYSTEM IN AMC SYSTEM DECISION-
MAKING

6. THE APPLICATION OF OPERATIONS RESEARCH TECHNIQUES
TO AMC ACTIVITIES

7. THE THEORY OF IMPROVEMENT CURVES

Chart 2
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COST ANALYSIS TECHNICAL MANUAL (CATEM)

CHAPTERS -

CONT'D

8. FORECASTING OF COSTS (COST ESTIMATING RELATIONSHIPS)

9, A MODEL TO TEST THE ACCURACY OF ARMY MATERIEL PLAN

ESTIMATED PROGRAM UNIT COSTS

10. A MODEL TO ESTABLISH THE REASONABLENESS OF ARMY
MATERIEL PLAN ESTIMATED PROGR.A' UNIT COSTS

11. A MODEL TO ISOLATE THE CAUSES OF UNIT COST CHANGE
THROUGH TIME

12. A MODEL TO DEVELOP AN EARLY WARNING SYSTEM OF SUBSTANTIAL
CHANGES IN THE TOTAL COST OF A SPECIFIC PROGRAM

Chart 3

Objective

As is evident from the titles of the first eight chapters, our original objective was to
prepaze a compiete manual of the known theory and available techniques necessary to
perform the various tasks of systems and cost analysis, as well as other related activities. As
the work initially progressed, it became increasingly obvious that this manual was partiku-
larly needelI to provide four important capabilities

* The means to determine the accuracy of cost estimates;

The means to establish the reasonableness or the quality of cost estimates;

The means to more precisely forecast unit costs for an ongoing program; and

The means to know as early as possible if a unit cost is escalating more thin
should be expected.

Therefore in addition to writing a manual to serve as a basis for future model building, '
priority effort was rquired to develop new cost estimating and cost analysis techniques.
Chapters 9 through 12 represent just such a means to that end.
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Chapter 9

In Chapter 9, a methodology is presented to examine the ac iracy of current cost
estimating practices. Since there have been six Army Materiel P!ans (AMP) issued, a data
bank was readily ,,vailable for testing. To illustrate the methodology employed, tle actual
and estimated Program Unit Costs (PUCs), as set forth in the AMP reports for the years
1962 to 1967, are extracted and arranged in the following matrix. (Chart 4)

The rows rI to r6 represent the AMP reports 1962 to 1l%7. r'he columns tI to t 8 are

the fiscal year huys, as reported in e:ch of t1'e AMPs. The fiscal year tI c,,responds to the
year of an actual unit cost, t2 represents the year of the estimated current AMP year unit
cost, and the other fiscal years represent the successive annual unit costs. F -example, cell
P1 2 represents the estimated procurement cost for the year 1962, as reporLd in the 1962
AMP; cell P2 1 is the actual procurement cost for the year 1962, as reported in 1963. Now,
what we have done is to divide an estimated unit cost, for example, cell P1 2 by the
corresponding actual unit cost, in this case, cell P 21" We can state that the estimate is x
percent of the actual unit cost. By examining these available one year forecasts (Chart 5),
two y.ar forecasts (Chart 6), three year forecasts (Chart 7), and four year forecasts
(Chart 8) a mean accuracy for each forecast period can be determined.
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Chapter I I

In Chapter 1 1, a model is proposed to isolate the several effects upon hardware unit
costs over time. (Chart 9) In general notation, the average unit cost, in some future time
period r, for the jth item, can be expressed as a function of the following variables: the cost
of the first unit produced (P o ); price level changes (I j,); engineering change orders
(E rj ); the learning process (L ); the annual acquisition rate (Y rj ); and an undefined
term (U rj), which is largely unexplainable because of the many random events that can
occur during the procurement cycle.

COST ANALYSI.S TECHNICAL MANUAL (CATEM)

P. I( P I E L Y U
S r, rj j ri J

A FUTURE UNIT COST (P ) IS A FUNCTION OF THE COST
ri

OF THE FIRST UNIT PRODUCED (P ), PRICE LEVEL CHANGES (I 

ENGINEERING MODIFICATIONS (E j), THE LEARNING PROCESS L r),

THE ANNUAL ACQUISITION RATE (Y ), AND AN UNEXPLAINED TERM

(U . ) WHICH IS LARGELY UNEXPLAINABLE DUE TO THE MYRIAD OF

EVENTS THAT CAN OCCUR DURING THE PROCUREMENT CYCLE.

THE PROCUREMENT YEAR

A SPEr-:IFIC ITEM WITHIN A COMMODITY CLASS

Chart 9
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Chapter 10

Given that this methodology or other techniques are utilized, we next address the
question, "Have the prescribed procedures been uniformly applied?" This is Chapter 10 of
CAIEM. (Chart 10) The answer is provided by determining if an AMP exhibits a normal
correspondence between historical and estimated PUCs over the reported fiscal years. That
is, by comparing the relationship between each pair of FYs + I and FY unit costs, an
expected mean and variance can be developed. Before the issuance of an AMP report, each
relative unit cost can be compared against an interval of likely outcomes. Those relative unit
costs which "fall outside" ...is interval can be investigated and examined for reliability by
each command.

Chapter 12

Unit costs may be typical in relationship to each other. Any one or all of the individual
unit costs may, however, be substantially greater than when reported in a previous AMP. In
other words, it is necessary to krow if there has been an unusual escalation (or deescalation)
in unit costs for any future year. This is the purpose of Chapter 12. (Chart I I) Previously, in
Chapter 9, we examined the mean relationship between estimates of unit costs (column 2)
and actual unit costs (column I).
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In Chapter 10. we examined the mean relationship between items on the same row.
Now, still using the same data, we examine the relationship over all periods of time.
(Chart 12) Actually what we are doing is to apply th basic concept of the distinction
between shifts alo,.g a curve versus shifts of a curve.

P' ,

isp2 31P1  i

Chart 12

Conclusion

The preceding has been a brief summary of the models developed in Chapters 9
through 12. Copies of these chapters ,id the results will be furnished by mail upon request.
These models were conceived by and tested under the direction of Dr. Donald T. Barsky,
who is presently consultant to the Systems and Cost Analysis Division, Comptroller and
Director of Programs.
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A NEW GRAPHIC PROBABILISTIC APPROACH TO PERT

Dr. Donald T Barsky
Consultant to the Systems and Cost Analysis Division,

Comptroller/Director of Programs,
HQ, U.S. Army Materiel Command

One of the management science techniques available to the cost estimator is PERT or
PERT/cost. As you are aware, although this technique has substantially advanced minage-
ment's capability to plan and monitor large-scale projects, too often the original project
time or cost estimates have been substantially in error.

In CATEM a new graphic probabilistic approach to PERT is developed. The
methodology described suggests that a large part of the estimating error is not caused by the
inability to more accurately forecast the future, but by the failure to completely present the
likely outcomes of a project. A simple example serves to effectively explain this hypothesis.
(Chart 1).

A NETWORK SYSTEM WITH THREE MILESTONLS, FIVE ACTIVITIES,

AND THE OPTIMISTIC, PESSIMISTIC, MOST LIKELY, AND .XPECTLD

TIME ESTIMATto FOR LACH ACTIVITY

Chart I
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Assume that a project consists of three milestones, five activities, and three indepen-
dent paths. Note, consistent with present practices, there are three outcomes specified for
each activity. That is, the "a", "b", and "m" values are, respectively, the optimistic, pes-
simistic, most likely outcomes. Further, as these values are theorized to be the endpoints
and the mode of a beta distribution, the probabilities of each outcome are 1/6 for each of
the endpoints and 4/6 for the mode. Beneath each activity arrow is the mean outcome T,
calculated from the a, m, and b values. Comparison of the mean time for each path reveals
the critical path with a mean time of 4 + 8, or 12 time periods.

Of course, this value and those to be alternatively developed are not the solutions of
deterministic models. In a formal sense, considerable uncertainty exists, as the probability
distributions of activity outcomes are not known. Therefore, analyses in terms of expected
values and variances are not on firm ground. Equally important, however, is that the prob-
ability measures are a description of the state of belief of the person who makes the
probability estimate and that this measure is being used to cause the decision to be con-
sistent with these beliefs.

The important point to be made now is that each of the other two paths could also
become the critical path. If only the pessimistic outcomes occur, the project will consume
10 + 9, or 19 time periods. It becomes apparent. then, that the mean expected time for the
entire project must be derived from all the activity outcomes and not just the anticipated
critical path. Equally important is that the mean may not be very representative of the
eventual program outcome. Therefore, it is also necessary to know the variation about the
mean.

The first step in the model is to assign an outcome code to each activity time (Chart 2).
For example, the outcome of Activizy A, could be 2. This result is arhitrarily assigned a
letter code, a. Similarly, each of the other outcomes is coded b through o.
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A HYPOTHETICAL NETWORK SYSTEM WITH CODED OPTIMISTIC, MOST LIKELY,

AND PESSIMISTIC TIME ESTIMATES FOR EACH ACTIVITY

ACTIVITY OPTIMISTIC MOST LIKELY PESSIMISTIC OUTCOME
ACTIVITY-TIME ACTIVITY-TIME ACTIVITY-TIME CODE

Ai Ait a  Aitm Aitb

A1  2 a
3 b

10 C

A 25 dA2d

7 e
9 f

A 3 5 '3
9 h

13 i
A4 3

4 k
5I

6 m
7 n

14 o

Chart 2

Next, all the combinations of activity-time outcomes are listed. using the previously
assigned codes. The complete listing for this example consists of 35 or 243 different combi-
nations. Only a few are cited here (Chart 3). Thus, combination C consists of outcomes a,
d, g, j, and m. By just chanpng the last outcome from m to n, a second combination is
formed. Notice also that, hereafter, a path is redefined as a sequence.

-3
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A SMWLE OF THE POSSIBZ COMIMATIONS OF ACTIVT-TIM OUTCOIS
FOR A HYPOTIETICAL NETWCRK

Cmbination Sequence Sequence Sequence

C S 1S 2S. s s2 3_.L

1 a&d 9 4

2 & d 9 & n

3a & d 9J o

4 a & d 9 k&

19 a & d i Jam

2; c & f 1 & o

Chart 3

Using an entirely different format, (Chart 4) each of the possible combinations is
depicted as a spoke of a wheel. The concentric bands represent the paths within the net-
work. For a better understanding of this chart, think of each path being completed before
beginning another one. For example, at the origin, milestone M0, one of three outcomes can
occur. If an outcome equal to 3 time periods occurs, then we proceed along this line to
milestone M 1. Next, if an outcome equal to 7 occurs, we arrive at milesivae .3- The
progress along this path also takes us from milestone M0 to M3. Assumr an outcome of 9.
and we continue toward the circumference. Finally, along the last path, if outcomes 3 and 6
occur, we arrive at a terminal point which is one of 243 such possible points.
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Chart 4
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Returning to Chart 3 we next substitute the t periods of :i-ne specified for each of the
coded outcomes. (Chart 5) Within a combination of activity outcomes, that sequence with
the largest estimated time becomes the critical path and is denoted by an asterisk. Notice
again that sequence 3, defined earlier as the critical path, becomes a path with slack when
combination 19 occurs. In that instance, sequence 2 is the critical path.

A SA lE Or THE CRITICAL PATHS MVR

EACH 01MBDIfATION OF OUTCCWIS

Combination Sequence Sequence Sequence Critical PathNumbr Tima G)
Sit 52t s, ct

2.5 S 3 6. 9

2 2• 5 3 7. 10

3 2*5 5 3 •1A. 17

•5 2 6 10

29 2 5 13- 3 6 13

2t43 10 4 9. 13 5 14* 19

Chart 5

Continuing, of course, to accept the reasonableness of the original time estimates, each
of the activit, outcomes is now assigned the probability of its occurcnce. This assignment is
made in accordan with the assumption that the activity outcomes arc independent and
beta-distributed. (( uart 6) That is, the probability that the endpoints, a and I will xcur is
1/6 each and that of the mode m, is 4/6. And, by multiplying the probability of each
outcome within each sequence, the joint probability for each combination of outcomes is
obtained. For example, combination I will occur once in 7.776 outcomes, combination 2
occurs four times as frequently, and combination 122 wili likely occur 1024 times in 7.776
outcome.



A SAMPLE Of THE JOINT PROBABILITIES FOR

EACH COMBINATION OF OUTCOMES IN THE

HYPOTHETICAL NETWORK SYSTEM

COMBINATION SEQUENCE SEQUENCE SEQUENCE COMBINATION
NUMBER OUTCOME OUTCOME OUTCOME JOINT

PROBABILITY PROBABILITY PROBABILITY PROBABILITY
C. PS NS2t4 PS3t PIS. PISit P(S2F4) 3P1

1 (1/6) (116) e (1/6) (11/6) (116) 1/776

2 11/6) (1/6) * (116) * (1/6) (4/6) 4/7776

3 (1/6) (1/6) * 1/6) o (116) (1/6) 7 l77o

4 (1/6) (1/6) . 11/6) o (416) (1/6) 417776

19 11/6' 11/61 0 (1/6) o utoi (V61 1/7776

122 (416! (4/61 * (4/6) * (4/6) (416 10241177

243 (1/6) (1/6) * (16) o (1/6) 1116) 1776

Chart 6

Finally. (Chart 7) by multiplying each criical path time by the approprate joint
probability of that time-outcome occuning, the product of each prt)bability anti respective
time for each combination is obtained. rhc sum of these products represents the mean
expected time for the entire program. In this illuslra'in. the mean is 13.2 time penods, as
compared with the critical path time of I 2 time periods.
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The distribution about the meat: : calculated by adding the combination joint prob-
abilities for each combination with the same critical path time. To clarify, if we add ali the
probability-times for combinations with the same critical path time, say 10, we obtain the
probability of the total program consuming 10 time periods. The complete distributiou is as
follows (Chart 8). Note that the total program may be completed in as few as 9 time periods
or as many as 19 time periods. Also notice that the mode is I I time periods and that the
program is almost as likely to be completed in 17 or 18 time periods as the critical path time
of 12. These surprising results are emphasized further by examining this cumulative fre-
quency distribution (Chart 9). Although the mean program duration is 12 time periods using
PERT and the true program mean is 13.2 time periods, 42 percent of the program outcomes
are from 13 to 19 time periods. Of course, other networks will leid to different probability
distributions (Chart 10). The vital conclusion is, however, that the most likely critical path
time for a project, developed us:ng PERT, will usually be exceeded by the true program
mean, developed by considering all the likely outcomes of a project under a probabilistic
approach.

A ShFIZ O TH3 APPLICATION OF EQUiATION VII WHI I CH RESULTS

IN 11 MANKU UFU TI, FOR THE ENTIRE PIROGRAM

Ccmbination Combination Critical Path Combination
Number Joint Time Products

Probability

Ce P(C ) Set P(C ).(set

1 1/7776 9 9/7776

2 4i/7776 10 40/7776

3 1/7776 17 17/7776

4 1/7776 10 10/7776

19 1/7776 13 13/7776

243 1/7776 19 19/7776
243

B (C) 7776/7776 Z.-P(C (St) 102,828/7776
J.1 J a-1 /

which equals

13.2 time periods

Chart 7

-88-



MAGT DMIOtW, OF M15 CITICAL PAN1

TDi O7MW PR T1O IEIOTICAL NIVOR SYN

- =~ ......I

- . . . l !25

• __ , ______

.10i

9 10 11 12 13 14 15 16 17 18 19 Tim Period#

Chart 8

-89-

348 246 ) 69 7



MS CEAXU MEMCT DOMEMWIM OF 73 C&1YLL PATN OuOicM

4"~ ~ ~ i T d.

-90



A PROBABILISTIC APPROACH TO PERT

- CONCL US ION -

THE MOST LIKELY CRITICAL PATH TIME FOR A PROJECT,

DEVELOPED USING PERT, WILL USUALLY BE EXCEEDED BY THE

TRUE PROGRAM MEAN, DEVELOPED BY CONSIDERING ALL LIKELY

OUTCOMES OF A PROJECT UNDER A PROBABILISTIC APPROACH.

Chart 10

As tfe preceding example only included five activities, a logical question is, "What
mathematical problems are encountered when the network is expanded to hundreds or
thousands of activities?" Freliminary investigation made by AMSAA indicates that even by
using the "brute force" method the IBM 7090 computer has sufficient capability to con-
sider all the possible outcomes and respective probabilities, and not at a cost dispro-

portionate with the benefits to be gained.

We have presented this entire model using a time frame and not cost. This was done for
ease of presentation only. Clearly, costs could be assigned to each outcome. Management
can not only be provided with the distribution of possible program time outcomes but also
with the range and likelihood of the total program cost.

For those of you who are interested in studying the problem further, a copy of this
section of Chapter 5 will be furnished by mail upon request.
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TROMOD - A COST PRESENTATION MODEL

Lt. James T. Wormley
Systems and Cost Analysis Division
Comptroller/Director of Programs
HQ. U.S. Army Materiel Command

TROMOD is an extension of the old adage that "a picture is worth ten thousand
words", and a good picture lets the beholder see both the parts and the whole. An impor-
tant function of an analyst is to construct just such a picture. Through experience it can be
said this is not an easy task. There are usually a multitude of variables. If values are r:sumed
for some variables then only part of the picture remains. Flexibility is lost. The decision-
maker can not vary the force structure, perform tradeoffs, or make reliable system
comparisons. It is evident to AMC that Army cost data based on a specific program requires
too many prior assumptions and, therefore, is not dynamic. Especially for a developmental
system, all options must be kept open by the analyst since the system deployed may differ
greatly from the system as originally conceived. The TROMOD presentation methodology is
dynamic. By taking an incremental approach, Army input data can be compared for all
systems, over a continuous range of force structures, independent of any specific force or
program size. TROMOD presents cost data to the user in a rational summarized manner.
TROMOD does not relieve the analyst of the fundamental responsibility for estimating,
documenting and analyzing the input data.

TROMOD, basically, is a method of aggregating these standard functional categories. It
is a practical model as evidenced by its successful implementation at AMC. The cost data
portion of a recent multisystem air defense missile system comparison was prepared by
AMC in TROMOD format, The graphical presentation of costs similar to that used for this
study will be used as an example to show what TROMOD is and does.
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,STANDARD COST CATEGORIES

RESEARCH AND DEVELOPMENT

FACILITIES
ADVANCE PRODUCTION ENGINEERING
TOOLING AND TEST EQUI PMENT
HAR DV ARE
INVESTMENT SUPPORT
INITIAL REPAIR PARTS
FIRST DESTINATION TRANSPORTATION
INITIAL TRAINING
DOCUMENTATI ON
OTHER

OPERATING
REPAIR PARTS
POL CONSUMPTION
AMMUNITION CONSUMPTION
PERSONNEL
DS AND GS MAINTENANCE
TRAINING
CENTRAL SUPPLY
DEPOT MAI NTENANCE
SECOND DESTINATION IRANSPORTATION
OTHER

Chart I

The basic premise is that all weapon system costs can be segregated into three basic
groups. The first group of costs are those that are fixed. Costs are fixed if they are incurred
independent of the basic study parameters, such as quantity of hardware, time and deploy-
ment level. The second basic group of costs are those that are semifixed. These costs have
some fixed qualities but also tend to vary with the size of the program. Finally, the third
basic group of costs are those that are variable. They are a function of the size of the
production and deployment program considered. A level of aggregation, or common
A ,iominator, has to be selected. In the case of a missile system this would likely be the

battalion or tiring battery.
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QILANT I TY

VAM~AELE COST

UIT COST W*1ICH DECREASES WITHI
RESPECT To EACH U.NIT INCREASE
IN RESOURCE QUANTITY.
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COST ______________

(AM*IT I TY

Chart 2

To cost any force structure the total tactical and i:nntactical requirements must be
considered variable also. In this example of a requirements graph the common denominator
unit. or referent, is the firing battery. A value for this referent can be selected by the user on
the abscissa and the requirements for the related organizations, such as HQ and HQ batteries
arid GSU's ire then taken from the ordinate. Note that the CONL!S and overseas require-
ments for each organization are retained as parameters by providing separate curves for a
CONUS andi overseas component. The requirements information may now be easily trans-
latAd into force structure costs.
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FIXED COST RELATIONSHIPS
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Chart 4

Semifixed costs, such as engineering, Quality Assurance (QA) and documentation, are
not easily expressed as a continuous cost-quantity function since these costs ar time and
progran oriented. They are more dependent on the yearly production periods as detennined
by the size of the progam and the production rate. This graph shows a puitical approxima-
tion of a whole series of possible investment support programs. These curvts represent the
cumulative build-up of other investment support as the programs get longer due to tarer
total deployments.
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Aggretionwill now be illustrated for the so-called variable cost relationships. The

harlwae cst s avariable cost/quantity relationship most likely estimated as a theoretical
firt uit ovtandlearning slope. The hardware components in a battery. through the

process of a nonlinear transformation, are plotted as a cumulative cost cUrve for battery
equipment. The user can then read the total cost for the desired deployment directly from
this curve. The transformation to these curves is not simple since the cost/quantity reiation-
ship for each component is based on a learning curve. Another problem arises because both
major and minor battery equipment enter the battery in varying ratios. Furthermore,
requirements exist for this same equipment in other uses, such is table of allowance andi
maintenance float. Proper determination of the fully allocated cost of an incremental TO&l
unit dictates that total resourc-e requiremnrts he expressed in termi- of the common referent.
which in this example is the TO&F battery,
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"Thc T(W bat teries deployed are shown her on a log SC3lC from Ito N, wlitre N can
he any nutriber representing the maXiMUM possible deploymen~t for the system. rabic or
illowance and mainterianct floa*t requirement% are shown on the second and thirn scales

* alignied with the comnioo referent to show the point at which each is rrquired irte,'nective
of time. The sum (ef these threwales is an expresvion of the total pr -u';tion requirvnents
in tenns of the c:ommon referent. "Flc time wale indicates the period rcqjiirecd tc' achieve the

* desired deployment. This -Aale may he stthed or collapsed, of coursc, by varying the
production rate of the system peculiar equipment- 'he check points a2m uwd as reference
points to align the completion of the development program with the production and deploy-
mcnt program, so that segments representing program years may be identified. At the
availability date of the first 4 TO&IE batteries, '() battery equivalents must he produced the
4 TO&lE. plus '~for ~A use, and I for M F use.
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DEPLOYMENT RELATIONSHI PS

(LOG SCALE)

TOE BTYS

DEPLOYED - 1 2 4 4 72120 N

TABTYS 2 3 4 4 5 18 20 ni

4F- - - - 1 10 15 n"

TOTAL BATTER I ES
PRODUCED 2 4 6 8 10i 100 155 W'

TIME 0 1 2 3 4

CHECK POINTS x xI

Chart 7

To equip these batteries it will be assumed that 10 units of hardware component A, 9
units of component B. and 27 units of component C are required. From the respective
cumulative average unit cost learning curves, the appropriate average unit costs are
multiplied by the previously determined ..otal requirements for each component. Summing
the costs of these requirements gives the hardware cost portion of the first four tactical
batteries. This aggregated hardware cost is plotted on the variable cost graph at the fourth
TO&E unit. Basically, this whole procedure is a nonlinear transformation from both
quantity and time to a common referent, in this case the TO&E battery. Similar iterations
up to the maximum possible number of TO&E batteries, N, derives the cumulative total
hardware cost curve for battery equipment shown earlier.
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DOUARS (Log, Log Scale)
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Chart 8

A :,nual operating costs may be easily expressed as a function of the number of organi-

zations deployed. These costs are for operation after the desired deployment level is
reached. It is also necessary to state the operating costs for operation of those tactical and
training batteries deployed during the transitional production and deploying period. Con-
ceptualy this transitional operatir( cost is represented by the area under these annual
op~fating cost curves for each organization for the average number of units deployed in the
transitional period. By cumulatively integrating for the area under each segment of this
composite cost curve, a series of points are derived which describes the cumulative com-
posite operating cost curve. The operating costs of the transitional period can be read
directly from this new curve also at the point on the common referent, which describes the
desired deployment level. This operating cost represents the cost of operating the average
number of batteries deployed in the transitional deploying period, however long that period
may be.
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Chart 9
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Chart 10

The costs from all these curves x- 1-ntered on a summary sheet as shown and summed
by system. The total of all costs on this sheet includes costs for the force structure as
specified by the analyst or other user. This completes the illustration of how TROMOD is
developed. There are some refinements and applications which have not been discussed but
are included in the concept.
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Chart I I

Two of these bear mention. First, any organizational unit may be used as the common
referent, such as the fire unit instead of the firing battery. In fact, if only a single weapon
system is being studied major items, such as trucks or tanks, could be used as the common
referent. Secondly, TROMOD can and has been expressed analytically. Equations have been
written for each type of curve shown. This makes it possible to estimate the total cost of a
specific force structure with only the basic study parameters and cost estimating relation-
ships as inputs. The graphical display shown here permits some visual sensitivity analysis and
complete flexibility in choice of force structure components. This same summary could be
obtained from summation of the analytic expressions if desired, without preparation of the
graphic display. In the actual missile study mentioned earlier, AMC was asked to cost
approximately 50 force structure combinations using TROMOD graphs as described. Each
took just a few minutes. This form of flexible, timely response permits the systems analyst
to consider a wide range of force structures over a short period of time. A graphical
presentation may not seem to be the most precise way to determine costs required for a
programming exercise, but the ease of costing any force structure using any set of study
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paiameters is a big advantage over any preciseness lost, especially when the estimating
accuracy on developmental systems is admittedly not too good. This is a good example of
what the previous speaker, Dr. Enthoven, has been attributed to say, "It is better to be
roughly right, than exactly wrong!"

To summarize, the advantages of putting a cost study into the TROMOD format are
numerous and important ones. Using the graphic medium described here, only a few sheets
of paper are required to present all the costs, in total, which are of significance to the
system being studied. The one page summary includes all of the research & development,
investment and operating cost categories. The graphs show how total costs change if
incremental organizations, such as a fire unit, are added or subtracted from the force
structure. Flexibility is provided to vary CONUS and overseas deployment mixes. The
complete TROMOD graphically presents all of the cost detail for each system on no more
than a dozen sheets of paper.
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A PANEL FROM
THE RESEARCH ANALYSIS CORPORATION

CONSISTING OF

Mr. Frank A. Parker, President
Mr. Lee S. S~oneback

Mr. Conway J. Christianson
Dr. Harrison N. Hoppes

It's been said that logistics, like politics, is the art of the possible. Logistics has prob-
ably never been solely an art and, while it does not qualify as a science either, it certainly
has been the object of the application of increasingly sophisticated techniques of manage-
ment.

The role of the systems analyst in the search for ways to improve logistic responsive-
ness has been a vital one, and continues to be, if measured by the scope of current efforts.
The 1968 Army Logistic Study Program lists 162 planned, in-progress, or recently com-
pleted studies that involve hundreds of man-years of work covering every conceivable aspect
of logistic operations. These efforts, plus the deliberations of such special groups as the
Baker Board and the Brown Board have produced a multitude of recommendations and
suggestions for corrective action.

Research Analysis Corporation has, of course, had a part in this work. Those of you
who are familiar with this work know that the nature of the assistance we've provided has
varied greatly, ranging from such simple remedies as changes in the criteria or. idition and
retention of items on stockage lists at combat unit level, to the more cu..yiex analysis
lcading to changes in the overhaul and replacement policy for Army vehicles. It is difficult
to quarrel with a program that has produced useful results, and one cannot quarrel with a
program that has dealt with the client's problems of immediate concern and urgency, given
the mission of supporting forces stationed in various parts of the world, a large part of them
in a shooting war, and given the budget limitations that constrain research efforts.

But all things are relative, and it is always difficult to measure the magnitude of the
improvements resulting from these studies. Many studies, in our judgment -and this includes
some conducted by RA('--do not appear to have brought the improvements expected, for
the system continues to be plagued with difficulties. Sometimes the lack of impact can be
traced to pitfalls that the analyst has fallen into-- pitfalls that are much easier to identify in
hindsight than during the course of a study. Sometimes it can be traced to the origin of the
study, that is, in the client's diagnosis of a problem. In any case, it seems appropriate to
question whether research resources are being used to best effect.
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We could talk at great length on what we think the scope and character of logistics

research should be, but we shall restrict ourselves to a limited treatment of four topics.
These are, first, the matter of problem identification; second, the relative emphasis on long-

and short-range problems; third, what we call the interaction between data inputs and

models; and fourth, measures of performance or effectiveness.

What do we mean by problem identification? Essentially, it is a matter of choosing the

right objectives. This can be crucial. It is far more important to choose the right objective

than it is to find a perfect optimization procedure or make the right choice between

alternatives. The choice of the wrong alternative may merely mean that somethir- less than

the best solution is recommended. But the choice of the wrong objective means that the
wrong problem is being addressed. In other words. deciding what ought to be done has to

come first; determining how to do it can follow. The tendency all too frequently is to
accept the client's original statement of what is wrong or wanted, and then to set about
building a model and gathering data, scarcely giving thought to whether the problem is the

right problem or how the answer will contribute to the decisionmaking it is meant to assist.

Let me cite two examples of direct interest to AMC, one from our recent experience. A

few years ago we were asked to devise a method for forecasting repair parts requirements
more accurately. Implied was the assumption that rerair parts were in fact procured in

accord with forecasts and that shortages at user level were, therefore, attributable to poor

forecasting. Recent findings indicate, however, that current forecasting may be basically
sound and that the unavailability of parts must be attributed to other causes, as, for

example, the problem of requisitioning wrong numbers or failure to procure in accordance
with the forecasts developed. It appears, in other words, that a wrong assumption led to the

identification of the wrong problem.

It's quite possible that some of our other work in the supply and maintenance field is

also improperly focused. In much of this work we have addressed problems rising from the
use of conventional existing equipment. Research in this area, exemplified by the work on

life cycle management, has certainly produced useful results. But these studies have been
done in the context of prevailing organization, equipment, and procedures. That is, they
take the existing organization for granted, without questioning it. Perhaps the entire con-

cept should be challenged, and the more basic or root problem of the interaction of supply

and maintenance on the one hand and equipment design on the other should be addressed.
One route of investigation, for example, might be the consideration of the design of equip-

inent for discard upon failure.

In both of these examples proper diagnosis is at the heart of the problem. Both are

examples of a tendency to treat a malfunction or shortcoming as a basic problem, whereas it

may merely be a symptom of a more deep-seated defect, the signal for a more far-reaching

system analysis.
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Concentration on a symptom can easily result in limited-objective, product-

improvement recommendations that have little impact on the logistic system's performance.

The logistic system has demonstrated an uncanny ability to absorb such minor innovations

and to appear no different, performance-wise, after the initial change has worn off. For
example, over the past several years the repair parts supply zystem -one of the most trouble-
some aspects of logistic operations-has managed to assimilate countless organizational,
procedural, and mechanical innovations with little measurable improvement in overall per-

formance. In terms of mechanical innovations, for example, we havw installed computers at
our inventory control centers, card-processors at our support units, and transceivers to tie
these machines together. And still the system is not as responsive to the needs of its

customers as we think it should be. In some theaters there has been only minor improve-
ment; order and ship time, initial-fill rates, and deadline rates are not significantly better
than they were 5 years ago. This does not mean that the systems analysts did not or cannot

make contributions that will improve repair parts supply. In most cases it is almost certain
that supply performance would have deteriorated further if the improved procedures had
not been adopted. In many cases, however, it is extiemely difficult to determine what effect
on supply performance a given change produced because concurrent changes tended to mask
or degrade the impact of the particular change of interest. In others, the benefits derived
from a change could not be measured because they were dwarfed by the large fluctuations
in supply performance that are inherent in the supply system as a whole. In any case, the

inclination to treat merely the symptoms of more basic problems and the tendency to
specify in detail precisely what should be examined places an unnecessary burden on the
client and, likewise, an undesirable restraint on the researcher.

What I have just said relates directly to the matter of the relative emphasis on research
of short- and long-term problems. On this subject three quetion requirc consideration:

I. Why do short- rather than long-range problems tend to dominate study
programs;

2. Why is it important to focus greater attention on long-range problems: and

3. What are some of the conditions for studying long-range problems?

First, it is important that we attempt to draw a distinction between short- and long-
range problems. We have found that attempting to classify problems as short-, mid- or
long-range is an exercise in frustration; problems tend not to fall neatly into 5- or 10-year
time brackets. We believe, however, that they can with some degree of utility be categorized
as short- or long-range. For the purposes of this discussion short-range problems are defined
as those that relate to the Army forces and systems described in the 5-year defense program,
while long-range studies am those that cannot affect the 5-year program; i.e,. they are
concerned with the next gene%.. f. c systems and new doctrine for their employment.
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What has been said about problem identification bears very direc,!y on the matter of
the relative emphasis that should be given to research on short- and long-range problems.
Because of the tendency to identify the problems to be analyzed on the basis of past
experience or intuitive judgment instead of undertaking systematic indepth analysis and,
therefore, to mistake symptoms for more basic deficiencies, and because of the resultant
tendency to examine too small a piece of th total system, we are too often preoccupied
with patching up the existing system and with developing suboptimum solutions.

There are many reasons for this focus on the shorter range problems. They stem from
the day-to-day pressures experienced by those who are called on to make existing systems
perform better; they are surfaced by the pressures emanating from the war in Vietnam, as
well as those emanating from the requirement to support forc-es in being scattered over
virtually the entire globe; they stem from budget limitations; and they steii from the fact
that they are here and now -they are immediate and difficult, if not impossible, to ignore.

Conversely, long-range problems are difficult to identify and even more difficult to
understand and define in sufficient detail to gain acceptance ,_J get a study launched.
Long-range problems have one other very significant characteristic: they are not here and
now; they seldom have an aura of immediacy; and thus, during periods of stress and limited
budgets, they can be deferred.

It is because of the existence of continual pressures which tend to force the focus on
immediate problems, that we are concerned about the balance between the short- and
long-range, and emphasize the urgency of insuring that a gr-ater portion of the limited
resources available be directed to the study of long-range prob.,ns.

There is a need in many inslances to examine the larger mission, to take a true systems
approach. Questions must be asked about the probable nature of future conflict environ-
ments, the Army's deployment posture. and the implications for logistic support require-
ments. Most important is the need to determine what a system must bt able to do rather
than what the system can do. An uninhibited examination of requirements is likely to
challenge policies that for years have been accepted without question and seemed to be
inviolate. Improvements in communications, and data transmission and storage, for
example. may make highly centralized control of supply not only possible but ut avoidable
and indeed necessary. Approaching the problem from a requirmments point of view, for
example. may give air transport a role quite different from the one conventionally assigned
it - i.e., merely as an adjunct or supplement to the surface transportation .ysterm, under
which its full potential is not exploited. No policy or principle should be immune from
challenge simply on the basis of age or habit. The multi-echelon depot system. for example,
may very well be inconsistent with both the needs and capabilities of a future logistic
ipport system.

-ItO-



The implication of such approaches is almost unavoidably a long-term study, for it

entails examination of different concepts of support-concepts that probably can be
examined and tested only through techniques or tools not yet devised -or by h tech-

niques as simulation, which need to be further developed or expanded.

Further, these long-range questions ne, I to be addressed by analysts who are not

inhibited by identification with or who autumatically accept existng policies, practices, and
principles. General Johnson, the ex-chiei of staff, recent:y commented on the difficulty of
getting logisticians to examine critically their own house. For example, most logisticians
cannot address the questici: of whether depots are required in a theater of operation,
because it may not even occur to him that alternatives are possible. What we are attempting
to emphasize is the need for uninhibited thought and untrammeled study of problems with
at least these three specific conditions: first, that the problem not be defined in specific
detail or with tiarrow bounds, but rather that the researchers be given latitude to grapple
with, to define, and redefine the problem as necessary to ensure that the real problem is in

fact identified; second, that the research be accomplished in close coordination with the
Army but in an u:iinhibited ,:nvironment; and third, that the problem be addressed in a time
frame sufficiently forward of the present as to ensure that the best alternatives have not
been foreclosed. It should be noted here that one of the serious shortfalls of research on

current systems and immediate problems is that often there are no meaningful or real
options to the status quo. It is only when we move out to the future that we have the

opportunity of choosing from among alternatives and thus influencing our future course in a
meaningful way.

It appears appropriate to add one more observation on why long-range problems do
not tend to surface in the normal course of events. L, .. ngc problems tend to encompass [.I
whole new concepts or systems, or a whole new set of policies anti procederes: thus, these
problems cut across sevcri! areas of responsibility they transcend normal staff and even
command lines. Unlike the short-range problem of limited scope, the long-range problem
does not fail within the povince of one functionai element of the command. Its impor-
tance, then, has to e recognized, with some degree of concurrency, by perhaps vt-ral
functiond elements of the command,

An operating command, ,uch as AMC, geared to day-to-day momentum and pr.sures
of supportig forces all over the globe, is not an environment conducive to Ltaher the
identification or definition of wany potential future problems. We in the research corn-
munity betvhc, that we have the r-sponsibility, a% well as the opportunity, to be of major
assistance to you in the identification and definition of such potential future problems.

On t'is matter of long- versus short-range research we would like to leave you with
theic three thoughs:

First, we believe th_!t short-range problems tend to dominate the Army's study pro-
gram. On balaoce. not tnough attention is given to long-range problems.
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Second, we believe that it is in your best interest to ensure that a greater portion of the

limited study efforts available are directed to the study of long-range problems. Short-range
research, because it deals with the de'ciencies of the existing system, tends to inhibit
original thinking and imagination with respect to new concepts. It tends to be restricted to
today's technology and yesterday's organization, and to foreclose consideration of radically
new proposals for coping with circumstances that are expected to obtain some years in the
future. Long-.ange research, on the other ha'd, at least permits the researcher to free
himself from the lag behind technological advances and to conceive the new concepts and
systems that either permit the exploitation of technological innovations or inspire new
innovations.

Third, we believe that while the responsibility for the identification and study of
potential future problem areas is yours, we in the research community share that responsi-
bility. We believe also that we can play a very important role in this area. We stand ready to
accept ever greater opportunities and challenges to work with you in the solution of your
future problems in which we have a common interest.

Long-range research inescapably concerns problems that are characterized by
uncertainty and systems that are years from actual implementation, The technique tht
analysts have turned ncreasingly for such research is modelling. A model, as an abstrac-
tion of a part of the i.i world, can take many forms. We are concerned here with require-
ments for the more sophisticated simulation models and gaming models needed in long-
range systems studies.

The value of models as research tools lies in that they provide a systematic framework
for comparing alternative choices in the light of costs or possible outcomes, and for applying
the judgment of specialists to problems that yield only partially to quantitative reasoning. In
serving these purposes they can also help in the identification of problems.

But models have their limitations. That this is not commonly understood is indicated
by the comment one frequently hears, "We already have a model, why do we need
a.iother?" The answer is that in the present state of the art models seldom represent ,-1
as:'ects of reality. Any single model will have limited capabilities, its form depending on the
questions to be asked of it. Depending on the kinds of questions to be asked and the degree
of detail desired, a whole set of models may be called for.

On the other hand, a model, or even a set of models, will not suffice either.

Prerequisite to the efficient and fruitful use of models in either the choice of, or improve-
ment of, a system is an understanding of the way in which the system actually operates and,
beyond this, the availability of input data that will give realism to the research.

A recent AMC-sponsored study of the repair paits system illustrates our appr'ach to a
.Audy involving the use of a model. We undertook this study nearly 3 years ago. One of its
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objectives was the development of a simulation that could be used to evaluate alternative
repair parts supply policies, procedures, and organizations. We began the study at the user
end of the system, and mo%'ed up through division, corps, army, commumication zone, and
the NlCP, Emphasis was placed on obtaining first-hand knowledge of supply practices,
procedures, and performance under actual field conditions. We moved up to the next
echelon only after we were reasonably certain that we understood the operation at the
lower echelon. This approach, while time-c'nsuming, had the advantage of always starting
from a firm base with practical experience and valid inputs. It took two years to cover all
echelons, and about half of this time was spent in the field. The development of the model
began after we had covered the division level.

The first model developed was a relatively simple two-echelon affair. The model
builders in this case not only had the 3enefit of first-hand experience, but could also avail
themselves of the experience of the entire team. Conversely, the model builders could make
known any data requirements that developed and that the field team might have over-
looked. As a result, we now have a simulation model in operation that covers all echelons.

A few examples of our findings about the repair parts supply system will demonstrate
the need for a good understanding of a system before attempting to model it. The founda-
tion of today's repair parts supply system is the availability of demand data. If we know, for
example, that 100 hub caps were used in a given time period, this information provides the
basis for establishing the stockage requirements for this item for a comparable future time
period. This is the theory. We found, however, that at user level half of the demands never
were recorded. At the direct support level 25 percent were not recorded. The so-called
fringe demands almost never are recorded, and therefore seldom qualify for addition to the
stockage list.

It also was found that the stock records clerk's arithmetic in calculating stockage
requirements was in error about half the time. Under these circumstances requirements
determinations obviously will always be understated.

Certainly one of the mut important evaluation criterion for a supply system is how
well it responds. Our data showed that it took an average of 5 days to obtain fill on a high
priority request when the part was available in the division; time-to-fill from sources outside
the division averaged 22 days.

We were able to measure the magnitude of the delays and to identify where the delays
occurred in the order and ship process, but we still have difficulty in reconciling why
response to requests takes so long. And beyond the time-to-fill factor, it is also significant
that about 45 percent of the requisitions never get filled, at least within the time that we
were able to observe. A substantial number of unfilled requisitions resulted because units
were asking for a federal stock number that was unrecognizable by the supply system. At
the time of our analysis about one out of four requisitions was a bad number. There were
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several reasons why this happened -simple clerical errors, where two digits get transposed,
out-of-date manuals, etc. Unfortunately, using units were not aware that they had sutmitted
an invalid requisition and sat back patiently hoping that someday they would be supplied.

Such facts of life simply emphasize the need for the model builder to know the real
world, to know the distortions of the system as it actually operates. Without this he runs the
risk of making improper assumptions and of engaging in a purely academic, ivory-tower
exercise.

The model itself and knowledge of how a system actually works are two aspects of
research employing models. The possession of adequate input data is the third essential leg
of the research stool. Empirical data on the operating system will ensure a greater degree of
realism and, therefore, inspire more confidence in the results of the analysis. Data-gathering
is often a grubby, time-consuming task. Unfortunately the researcher has no cut, for if there
are no ready-made data available, he will have to develop a plan for obtaining it. On the
other hand, data-gathering can not be carried oi, in a vacuum, unrelated to the function of
analysis itself. The collector must know what use is to be made of the data and. thereforc,
must be the judge of their adequacy.

For the past few years the Logistics Department at RAC has been building a tape
library of logistic data for use in its research; this has been a very useful resource. At the
present time we have approximately 1000 reels in this data bank. The size of this bank '
likely to lead some to the conclusion that we surely must already have all the data we can
possibly need for the analysis of logistic problems. But the usefulness of these data is
relatively short-lived. They must be continually replenished and brought up to date. More-
over, needs cannot always be foreseen, and the requirements of a particular study or model
necessitates new data-gathering efforts to meet the special needs of the particular study.
Data-gathering, therefore, is a never-ending job.

This brief presentation is intended to point out the value of modeling as a tool in
addressing long-range logistic problems and to note some of the implications of using this
technique, particularly with respect to the data inputs that are essential to the fruitful use of
models. Although reality can never be fully achieved with this technique, a model can be
extremely useful in understanding related functions and in evaluating alternative systems.
Indeed, models have become indispensable tools in the conduct )f research on long-range
problems. One should not expect too much from them, however, nor be surprised at the
necessity for constructing different models for different purposes. And one should keep in
mind the importance of achieving a thorough understanding of the operation of a given
system and of acquiring the data that can provide realism in model employment.

Closely related to the subject of models is the problem of devising logistic effectiveness
measures. In fact, models and effectiveness measures are complementary elements within
many systems analyses. Models provide the analyst with a means of measuring effectiveness.
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Other means of measuring effectiveness such as observing the operation of the current
logistic system are, of course, also available. Having decided upon a means of measuring
effectiveness, however, we still must select the specific effectiveness measures, such as

deadline rates or initial fill rates, that will be used to indicate our logistic posture at any
point in time or our performance throughout time. For our systems analysis efforts to lead
to productive logistic decisions, we must not only employ adequate means of measuring
logistic effectiveness but adequate effectiveness measures as well.

During the remainder of this presentation two thoughts will be developed. We need to
improve our current measures of logistic effectiveness, and there are many fertile

opportunities to use the improved effectiveness measures to monitor logistic operations.

Over the years systems analysts have found the measurement of combat effectiveness

to be one of the most promising, and yet one of the most challenging and elusive, concepts

they have encountered. Recently, for example, a RAC long-range study titled Project
, .L('HAS concluded that the measurement of military effectiveness was one of the most

important problems facing the Army over the next 20 years. The systems analysts in this
study group found serious difficulties in the verification and credibility of current measures
of combat effectiveness. Their findings would have been equally applicable to current
measures of logistic effectiveness.

To illustrate some shortcomings that are associated with many of our current measures

of logistic effect;-'eness, let us consider several snecific examples. The readiness of battalion-
size units to undertake combat operations irrm a repair-parts standpoint cunently is
measured by the percentage of items stocked at unit level that have no stock on hand at a
given point in time-that is, the percentage of items that are in zero balance. 'Iis measure is

a poor indicator of a unit's repair part posture because it fails to consider whether the items
stocked are the ones the unit really needs, whether requests were received when the items

were out of stock, and whether the amount of stock on hand is large or small compared
with the amount authorized to be on hand. Just as important, it is a negative type of

measure that discourages desirable logistic practices. In fact, the zero balance measure has
placed such a premium on keeping stock on hand that it has prompted some units to refrain

from issuing stock and others to postpone vehicle maintenance. Alternative measures that
overcome these deficiencies are available, but t(, date little progress has been made in

adopting them.

Other measures of logistic posture that are sorely in need of overhaul are concerned

with equipment readiness. The multiple measures of vehicle readiness that are currently
being employed constitute a crazy quilt of indicators that are difficult to interpret. We

measure readiness in terms of deadline rates, equipment serviceability criteria (ESC), prepa-
ration for overseas irrvement (POM) criteria, command maintenance management inspec-

tion (CMMI) criteria, and overhaul standards. Many of these meassres are inconsistent and
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some are contradictory. Some, such as equipment serviceability criteria scores, have proved
to be unreliable predictors of subsequent maintenance experience. In spite of these defi-
ciencies, however, systems analysts currently are devoting very little effort to resolving these
discrepancies or to developing more meaningful measures of equipment readiness.

The effectiveness measures that require improvement predominantly logistic posture
measures are not associated with the retail portion of the supply system. A comparable need
exists at the wholesale level. In fact, analysts at the national level sometimes appear
preoccupied with measuring performance in terms of such statistics as ton-miles of cargo
transported per unit time. We can move tons of materiel, however, without appreciably
enhancing our logistic posture. As our experience with Red Ball requisitioning has
repeatedly demonstrated, we frequently encounter difficulty in satisfying the theater's
needs of items that weigh only a few ounces and cost only a few dollars. Or is it that these
light-weight items have already been shipped to the theater in sufficient quantities and are
stored somewhere in Vietnam but simply can't be located? Or is it that current supply
procedures are so complex and error-prone that it is extremely difficult to estimate repair
part requirements accurately?

In the coming months, as AMC extends its ownership of selected secondary items to
the oversea-depot level under the OASIS program, AMC analysts will have a better opportu-
nity to answer questions such as these. Implicit with this opportunity, however, is a two-
fold requirement, first, the specific performance measures that will be used in managing the
OASIS items must be identified and, second, the manner in which these performance
measures will be applied to achieve monitorship and control must be determined.

Undoubtedly, AMC managers have already given considerable thought to t..ch of these
requirements; hopefully, however, several of the following observations will also prove
helpful. With regard to the first of these requirements, a whole host of performance
measures will be needed to gain effective management control over the OASIS items. In
fact, these performance measures should cover every phase of logistic operations, because
over the years we've observed that logistic procedures and discipline have a tendency to
break down in unusual and frequently unexpected ways. Among the many performance
measures that should be considered in managing the OASIS items are those that indicate the
compatibility of depot due-in-records with NICP due-out records, the extent to which depot
asset balance figures agree with the quantities of stock physically present in depot storage
locations, the accuracy with which the NICPs are able to forecast the demands for OASIS
items, actual versus estimated order and ship times between CONUS and the oversea depots,
and the ability of AMC personnel to update the OASIS list by adding items that meet
specified criteria and deleting those that do not.

Taking note of how the performance measures should be applied, we've observed that
higher headquarters, such as USAREUR and AMC, frequently monitor the operations of
their subordinate elements by examining feeder reports that are submitted at periodic
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intervals by the units being reviewed. In many cases, however, the information in these
reports is so inaccurate, inconsistent, or untimely that it is of little value in identifying
potential problems before they develop into full-blown crises. Instead of relying principally
on periodic reports provided by subordinate units, in many cases it appears both feasible
and desirable for systems analysts at higher headquarters to obtain and analyze the informa-
tion that is necessary for them to achieve continuous monitorship over the operations of the
units within their command.

With reference to the OASIS program, for example, systems analysts from Head-
quarters AMC could sample on a daily basis the various kinds of supply, maintenance, and
transportation data that are generated during the normal course of depot-level operations
within Vietnam and, whenever appropriate, L-.uld compare these data with corresponding
NICP operating information. Such comparisons would allow the continuous monitorship of
oversea depot due-ins with NICP due-outs, of order and ship time between the oversea
depots and CONUS, and of NICP accuracy in forecasting the demands placed on the oversea
depots. In addition, adopting the concept of obtaining continuous monitorship by AMC
personnel would allow the accuracy of depot asset information of the kind reported under
AR 711-80 to be assessed morc readily as well as the performance of the individual NICPs in
meeting the objectives of the OASIS program.

The specific example just cited pertained to a program of interest to AMC. The con-
cept of applying performance measures in a manner that will provide continuous monitor-
ship and control, however, is pertinent to many additional types of logistic operations. It
could be applied to other activities under the purview of AMC or to logistic operations
across all echelons of commands, such as USAREUR or USARPAC.

We believe, therefore, that systems analysts should devote much more fundamental
research to identifying logistic effectiveness measures that are more meaningful than those
in common use today, and to designing systems of management controls that will allow the
performance of the overall system or ot' selected programs to be monitored on a continuous
basis and that will facilitate the initiation of timely corrective action whenever perfonance
drops to substandard levels. If we are successful in improving our measures of logistic
effectiveness and our ability to monitor logistic activities, we can expect to achieve large-
scale, permanent improvements in logistic operations.

By way of summary I'd like to add a few comments on the observations we've made
here today I need hardly tell you that research in logistics problems is often frustrating, for
progress in improving logistic operations is elusive and often painfully slow. But it is also
challenging, and can even be fascinating, for the potential, and the prospects, of effecting
improvements are great.

Our relationship with AMC has been a satisfying one. This has resulted in part from the
close, almost day-to-day liaison and communication between our analysts and the people
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with the problems and from the degree of interest at the highest levels in your command.
From our observations, however, it is obvious that we think there is room for improvement,
particularly involving the content of the research program. We have stressed particularly our
concern over what we consider a disproportionate preoccupation with short-iange problems,
which favors improvement of the existing system at the expense of examining more basic
problems and preparing for the future. This is not to say that you, as operators of the
Army's logistics system. should not be concerned with improving the performance of the
existing system. We believe, however, that it should be more concerned with future systems.
If the Army is to avoid the risks involved in treating merely the symptoms of more basic
problems and in searching for suboptimal solutions that merely patch up existing systems, it
must, we think, do two things. First, it must welcome uninhibited questioning and
challenging of its prevailing concepts, organizations, policies, and procedures. Second, it
must support the search for better methods of measuring logistic performance. Without the
latter it simply never can test the efficacy of a system and compare alternative concepts.

These two objectives, in turn, unavoidably involve long-range research, sihce they
require the examination and evaluation of new concepts through the use of new techniques
such as simulation.

We have appreciated having this opportunity to address this group. In the spirit of your
invitation, we have tried to make a candid appraisal of our work for AMC and our relation-
ship to your command, at the same time searching our own souls. The intent has been to
find ways of improving our usefulness to you, always bearing in mind the sponsor's point of
view.
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OPERATIONS RESEARCH IN AMC-PAST AND FUTURE

Mr. Abraham Golub
Assistant Deputy Under Secretary of the Army

(Operations Research)
Office of the Secretary of the Army

My invitation to address this symposium suggested that I might present a frank critique
of AMC's past performance in systems analysis, or I could discuss what I thought AMC had
been doing wrong and how they might improve. I thought a lot about those questions and
the unique opportunity they presented. After all, while I was a practicing analyst, first with
the Ordnance Corps and then in AMC, I ran into more than my share of management
decisions which I considered to be quite poor. I also ran into far too many unfair judgments
Ii my own superb efforts. And now I was being offered the chance to return and, if I
wished, to realv unload. I could, for example, discuss some of your very recent mistakes,
or, if I chose, recall instances of yourpast mistakes - o, I could even use this time to explain
why many of you should have listened to me years ago. But please let me set you at your
ease, I quickly rejected those rash impulses. And I did so, not only for the obvious reasons,
but also >,ecause I have become more and more concerned about a trend in the Army which
has become so unfair as to be unhealthy -and 1, for one, do not hitend to contribute tu that
trend.

I am talking about my increasing concern with the recurring self-deprecating dialogue
which has become the vogue for far too many elements in the Army. To engage in self-
critical dialogues is always, of course, desirable. It becomes unhealthy, however, when such
dialogues continue to present an inaccurate image of the Army, or in this case, of the
Army's study effort. It is clear that such dialogues have a natural tendency to become
overconmitted to self-criticism and, unfortunately, when that happens. it does so at the
expense of an honest search for solutions to the problems which face the Army. I believe we
hav,, tended to beat ourselves over the head much too much. I know it is unwarranted, and I
am convinced it must stop.

And so, while a symposium of this nature, which asks the question "How do we
improve our research.", is bound to take on a somewhat negative tone, especially in ligh1t of
the trend I have just discussed, I would like to start out this morning on just the opposite
note.

Let us remember how AMC was established, After all, AMC was initially the coalition
of the Army's old Technical Services. By their ver, nature, the Technical Services were
committed to the support and use of research, and operations research was no exception.
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Let us not forget that the Ordnance Corps started to develop and pcform systems analysis
about 23 years ago, several years before the establishment of ORO (now RAC) and long
before this profession of ours was embraced by the Office of the Secretary of Defense. I
checked the other day and found that formal systems analysis began in the Army just about
the time Alain Enthoven became a high school sophomore. Personally, I h. i suc, memo-
rabilia a great aid to perspective.

Even a cursory review of the Army's history in Operations Research (OR), since 19 16,
will reveal that the Army pioneered in the development of many me~hods, models, a d
inputs required for good systems analysis. For example, the Ordnance Corps p leered in
the conduct of enemy threat analyses, yes, gentlemen, in enemy threat qnalys By no
stretch of the imagination was it the Ordnance Corps' responsibility to conu,-.t such
analyses. Yet, it was required since no one else was doing it, and so ti. , systems anal. sts in
the Ordnance Corps did the job.

Above all, let us recogniz, that these pioneering efforts went on to nroduce many
excellent studies. Studies whic are still classics in the field of weapon systen ; analy, and
which still act as a standard for ma y of today's efforts.

We must not forget that two o' the Army's major OR organizations, the Weapors
Systems Laboratory at Aberdeen and ORO (RAC), each have more than 20 years of
continuous experience in this field. I submit that not only is this a heritage you can be
proud ot, but more importantly it means you possess a solid oundation on which to build
further progress. Se, let us continue to be self-critical but never to the extent that we
overlook our long heritage of excellent work and the excellent b-is it provides for the
future.

In any discussion of AMC's long standing and well-estabhished position in OR, I am
always quick to point out certain of its asper ts which make it both unique and enviable. Its
uniqueness results because for years you have been very close to the systems you have been
studying. Historically, you have been in the business of generating t;e, many and varied
inpu. data required for a full understanding of the models you were usinf. As developers of
the various inputs, and as nursemaids of the equipment, you have literally lived with the
problem. You know it better than any outsider can and this is a great advantage. There is
perhaps a dangei of overcommitment here, particularly when closeness to the systems, as
characterized by iocalized OR groups, may develop harmful parochialisms.

I cannot emphasize enough that the ability to obtain, develop, and work with the basic
inputs required for your studies, and to carry out experiments suggested by your analyses,
represents an asset of untold worth. You all know that one of the central problems of
military operations research continues to be the paucity of good input d.ta, and anyone
who has it, or who can get it and understand it, automAtically has a tremendous advantage.
If you doubt this, if you cannot understand how valu.Able that asset really is, then just
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consider for a moment how many analysts from outside groups come to you for data. Ask
yourself how many of your contractors, before they even begin to help with your problems,
must first come to you for data and for their general education.

The Army, through its years of experience in the Weapons Systems Laboratory (now
AMCSA), through its years of experience in ORO (now RAC), and through its many
activities elsewhere, has developed, to my mind, a truly complete capability to conduct
military operations research and systems analyses. Complete in the sense that it is based
upon the development and understanding of the fundamental input data which are required;
complete in the sense that it can then use that understanding to develop much more
meaningful models and other analytical tools. I repeat that this complete capability places
you in an enviable position, a position which you must fight to maintain at all times. Having
attained this type of capability carries with it the responsibility to maintain it. You dare not
allow it to be dissipated. When poor or missing data are surfaced in your studies, you must
ensure that adequate experiments are conducted to help develop those data and to fill the
gaps. In this way, you will not only preserve your unique capability, but you will also be
able to continue your support of the many other organizations who also require those data.
By any measure, you in the AMC have built a solid foundation which gives you a let up on
many others working in the same field. You must now meet your responsibility to use that
foundation for further progress.

Having suggested that we needn't feel too cor,,:emed about AMC's fundamental
position in the OR community, I would now like to suggest that perhaps that position has
not been fully exploited. I would like to suggest that perhaps you have not been using your
foundation as well as you could in your desire to progress. I believe that you have not done
so for three reasons.

First, I believe it is due to a slowness in adapting to new research requirements.
Second, I believe it is due to a somewhat inefficient utilization of your research talent and
inefficiencies in the training of new talent. And, lastly, it is due, I believe, to too little
initiative in working with and responding to the higher echelons in our defense establish-
ment. I will Jisc :ss each of these in turn.

I will begin with a discussion of new requirements. As I have already stated, AMC
pioneerc,' in OR and as such concentrated on the first order of business - weapons selection
and requirements. While it was recognized even then that this was only part of the "cradle-
to-grave" responsibility that the technical services had for equipment, the tendency was to
concentrate on the "cradle" portion of the life cycle. Of course, this was not unusual since
the Army was just beginn..g to feel its way and it made good sense to begin at the
beginning. Today, however, the situation has changed considerably as you are well aware.
The system requirements portion, an early portion of the lifetime cycle, is no longer the
responsibility of AMC. It is now CDC's primary function.
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The fact that CDC has that responsibility has been only gradually and very grudgingly
accepted in certain quarters within AMC. Unfortunately, there has been a reluctance by
some of you in AMC to release your hold on those kinds of analyses. Some of you argued,
and still argue, that since AMC was obviously the most experienced in the conduct of
requirements studies, the Army should have logically assigned that responsibility to AM('.
These critics do not believe that many of the advantages envisioned by the creators of the
Army reorganization warranted this intrusion upon their long held position in the field. And
while I might personally agree that the Army reorganization may have concerned itself too
much with the redefinition and redistribution of responsibilities, and not enough with the
redistribution of resources necessary to fulfill those responsibilities, I nevertheless believe we
moist stop worrying about what happened some 6 years ago and begin to work within the
new organizational setup. Let us stop fighting it. Not only does a reluctance to accept the
reorganization hamper the Army in its efforts to improve, but this preoccupation with what
might have been or what should have been tends to inhibit your excellent resources from
doing the AMC job. And that is what should concern us all today - the AMC job. I say to all
of you, and especially to those who helped pioneer the 'cradle" portion of the life cycle,
that it is time to look ahead at the many problems in the much longer time span which
constitutes the many later phases in the life cycle. AMC's work in operations research must
now address the later phases in the life cycle of military systems. You must begin to look
seriously at such problems as maintainability, reliability, repairability, replacement, and
logistics.

These problems, while obvious, are also difficult. For example. let us examine some of
their implications. The appropriate application of OR to these relatively new areas is going
to require large masses of new input data. The preservation of your complete capability will,
in addition to the establishment of appropriate measures and analytical models, require the
development of many basic inputs to help measure and understand these new entities. Is it
perhaps too soon to suggest the eventual establishment of aii AMCL' or an AM("
Experimental Center - a cot'iterpart to ('CL('? - a center which is much more than a
proving ground, a place where data relating to maintainability. reliability, and repairability
will be developed from actual usage in realistic and instnrmented field exercises. Perhaps this
concept can he tried first by working together with ('DC('(. Of course, much of the
required data can be developed from first principles, but the establishment of an AMSI(" is
something worth thinking about. Perhaps some of you arc thinking that this siu4'stion is
way out. I coanter by stating that such thinking stimulates action - and imt;Iiate action to

pioneer and proceed into these new areas is what AMC must do.

}ldving suggested that you must attack the itcr phwses of the life cycle. I want to make
it quite clear that I am not saying that combat effectivcnem as it relatcs to system require-
ments is no longer an AMC concern. As long as weapons development remains AM("\
business, the estatlishment of requirements will conZinue to be of interest to A.MC. I think.
however, it must now be put into proper perspective as part of the much broader concern
wtich I like to refer to as 'life time effectiveness' - an important aspect of what some have
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called 'life cycle management'. This is an imvortant aspect of the general shift in the scope

of analysis that I believe must take place in the Army; and it should be viewed most

seriously by you in AMC. I know that there are people in the audience, General Bunker and

others, who have been preaching this word. I merely wish to emphasize the importance of

getting on with the job.

I would like to suggest also that you must emphasize the need to employ the whole

system approach. This is not really a new requirement, but we have seen evidence that more

thought should be given to its application. In considering equipment, for example, you must

continue to ask such questions as "What does this weapon or this kind of equipment
contribute to the effectiveness of the entire organization?" We can no longer assume that all
we have to do is to improve specific items of equipment and then let someone else make the
necessary slight adjustments in the related organization. Each prospective change must be
related to a change in the "outpu!" of the organization as a whole. For example, there are

obvious tradeoffs in examining the weaipons and equipment that compromise a combat
force and the service support capability which must be tailored to that force. These
considerations must become part of your overall effort.

Another rv.quirement. which should receive additional emphasis, is the need to strike a
bettcr balanc:e between cost and effectiveness in the analyses being done for the decision-

makers. While I have already detected a significant increase in the emphasis yu have been
giving to the cost side of your analyses, I wish only to ensure that it not be interpreted

merely as a more accurate prediction of the price tags. As you know, there is a big dif-

terence lbtween cost and price. Actually. I prefer to use the more cumbersome term

resource expenditures" to emphasize the more fundamental and choice-provoking sense of
cost as it is understood tolay. An indication of the growing ap.reciation of both the
sgnificanct and complexity of the cost side of analysis has been the use of such terms as

"lifetine costs' anti "cos mt.xleling' to describe what i: being done. To work effectively in ,
this area. you must bring together your experts it, developing the price tag with those who
are familiar with the development of cost models which relate accurately to the etfective-
ness or capabilities of the systems. Only in this way can effective 'cost modeling' be

conducted.

Ttday. cost tiodel. are too often found in the handi. of the 'pricing' experts, an
unfortunate overcompcnsatit in an aitcmpt to correct the relative neglect of cost in the
%cry near past. '(ost mokleling' must involve a Wtrong apprcia(ion of the total sysetem and its

effectiveness in order to - rcaistic.

I have discus,.ed some requirements and new emphawse which I think you should

consider for t1,e future- I know that you havv already addrcssed somc of these concept,. but
I thought it worth repeating with a -lightly different twist. eforr leaving this subject. I
would like to sinlge out again the urgent rcquirement that you begin to study and apply

your OR talents to thoe problem, involved in the later pha.ses of the life cl e. Thew areas
are definitely within your respo.asibility and must not be neglected.
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The second major topic I wo'dd like to discuss today is the use of your available

operations research talent 3nd the importance of training new analysts. As I have said, I
know that you have a good cadre of experienced analysts. That group must be s, -
plemented, however, by new analysts who, after sufficient training, will carry on the work

of AMC. If I had to single out one reason why AMC and other elements of the Army have
demonstrated weaknesses in their study efforts, , would say it was simply because there are
not enough trained professionals to meet the tremendous demand that has been generated in
the last 5 to 10 years. Whatever else might be said about Systems Analysis in OSD, you must

agree that they deserve 'he credit for having popularized our profession more than any other
,ingle element in this country. Nor is inere any question that this increase in popularity has
created an equally great demand for professional services which is way out of balance with
our available supply. It is an imbalance, incidentally, which exists in almost every
component of the defense establishement. The problem for AMC, as well as for others, is
how to best use its available resources and how to go about training the additional resources
that are needed to meet both current and future demands. To do this realistically, I believe
that AMC will have to take a hard look at some of its cu:rrent plans for the organization and
management of its OR resources. The natural tendency, considering the very great demand,
is to organize in an attempt to solve the problem. And, unfortunately, to organize usua!ly

involves the establishment of many small groups throughout the breadth and length of the

major organization. While I am convinced that this tendency is a natural on. -since almost
everyone tries it - I believe it is wrong and self-defeating to do so today. Based upon my

observations, I note that the establishment of a large number of small organizations usually
results in their staffing - not because good talents are available to fill the approved slots - but
only because the organization and the slots exist. And once this phenomenon begins, the
non-professionals - the pretenders - soon begin to take over - and that too, is not surprising
since there are so many of them. Almost immediately, they assume the role of admin-
istrators, not as operating analysts; they h.,-e to do so since they are not equipped to do

otherwise. Eventually, such organizations are characterized by layer-upon-layer of admin-
istrators, or ,s they prefer to call themselves, 'monitors or reviewers.' This invariably
becomes a classical example of the blind leading the blind and results in a repeat of the

cycle. The cycle is repeated since it is now necessary to solve the inevitable problems which
result, and to do so we thea hear cries for more organizations and more manager/monitors.

I seriously recommend to AMC, as I have to others, that today some form of

centralization is going to be necessary. I recognize the dispersed nature of your commands,

but for the time being. you must find a way to concentrait your -- ailable talent into a
much smaller number of organizations. You must do so, at least unti. those organizations
begin to develop the necessary talent to staff the additional offices you would like to
establish to meet your needs. In our office, we have seen repeated instances of

organizations, with limited resources, who by the mere concentration of their resources,
have successfully managed to produce excellent studies. It is only when organizations have
allocated their study requirements among many small organizations, each having limited
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talent, do we begin to receive a spate of studies which invariably require redoing -primarily
because they are poor technically. But also because localized groups tend to develop some
very unhealthy parochialisms.

By some form of centralization, you I) will be concentrating your best talent on
important issues, 2) will be maintaini - a higher level of objectivity, and 3) will be taking a
very major step toward solving the related problem of training new analysts. In this latter
regard, I submit that the effective training of new analysts must be undertaken by seasoned
professionals. It takes much more than one or two degrees in mathematics, physics, or even
operations research to make a good analyst. Our experience continues to show that regard..
less of academic background and attainments there is about a .5 percent probability that an
individual will become an effective analyst. But even for the 50 percent who will, it is going
to take a fairly long apprenticeship of actually doing OR studies. Centralization of your
current talent will give you the organizations which not only can manage and conduct large
segments of your OR effort, but which can also act as the necessary 'universities' in which
newcomers to the field within the AMC can learn the trade. Apprenticeship of the kind I am
talking about cannot be met by dispersing new employees among many organizations each
having a minimum of talent. Let's face it, today you cannot recruit or train enough
experienced analysts to maintain all of the research, managerial, review, and training
positions that a large number of dispersed groups will require. You will note that I include
managers and reviewers as a part of your general problem. I do so because effective manage-
ment is usually characterized by a relatively small number of competent and experienced
managers and reviewers. And if, as I believe, you must draw these personnel from the group
of experienced doers, (yes, I believe 'reviewers' should have been 'doers'), then auto-
matically you must organize into a relatively small numbei of organizations since there are
simply not enough experienced personnel te go around.

All of these thoughts, suggest to me, the desirability of concentrating your experienced
analysts in a relatively small number of groups. It was for these reasons that we were
favorably impressed with the recent establishment of AMSSA. In addition to the objective
conduct of your important analyses, I would certainly use AMSSA as one of your major
training grounds for developing the seasoned analysts, managers, and reviewers which AMC
will rquuc in tc ,,uc. A vuulu 111-X to buggest that, ii, ec:nsid.ring your need for training
centers, you not overlook the capabilities available in RAC. RAC's many years of
experience, which I referred to earlier, must not be wasted. The excellent resources at RAC
can help with your study effort and also to train your future analysts.

Before I leave this question of training, I would like to single out the military and
discuss how we might improve the training of officers in OR. I have not had time to fully
research how officers with academic training in OR are utilized within AMC, however, I
have watched their utilization in other parts o; the Army and find it to be poor. The
training of officers in OR must include the opportunity for applying the material that they
have been taught in school; and that expevence should be gained before they move on to
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review or management positions. I believe it is a mistake, both from the standpoint of the
individual and from that of the Army, to place an officer, freshly educated in OR, directly
into a staff slot requiring the revicvv of studies. Yet this happens every day within the
Pentagon. Such assignments do not help the officer to mature as an analyst, and they are
wasteful in a more fundamental sense. We know that at some later point in his career the
young officer will undoubtedly return to the Pentagon as a top manager responsible for
some fairly important areas. Yet if we continue the aforementioned practices, that indi-
vidual would have had only I year of research experience-and that in school. As you can
surmise, when he returns to t'.c Pentagon as a licutenant colonel, colonel, or general, he will
then require junior managers or reviewers to help him, and unless we do something about
the system, those officers, like himself years before, will have had only 1 year of academic
training. This is certainly not the way to train the military, or anyone else for that matter, in
thi. field. Apparently, the military establishment is willing to dedicate 3 to 4 years of an
officer's career toward attaining experience in OR. Accepting that, I would recommend that
after his year or ,vo of formal education, the officer be immediately ass; ied to one of the
operating organizations. Assign him to AMSSA, RAC, SRI, or others, and let him learn the
business while on the job. Sending him to those organizations to act as a liaison with the
military community is not what I am talking about; let us send him to those organizations
to work on specific problems assigned to the various operational groups within those
organizations.

I wish to discuss one more subject this morning. I believe that AMC can progress better
in OR by using more initiative and imagination in responding to higher echelons. I mention
this because of another trend which has been in evidence in the Army. Too many individuals
who just meet and begin to deal with the OSD system of decision-making, quickly arrive at
the conclusion that the way to really 'beat' the OSD system is to "sell" their product or to
cater to some OSD analyst. And incidentally, most of these beginners invariably conclude
that all of their predecessors were notoriously poor salesmen, and that they are the sales
experts the Army has been waiting for. Now, there is no denying that in some sense the
Army is trying to sell its products. Unfortunately, we are developing a distorted view of
good salesmanship. Without going into the reasons (some of which I have already mentioned
in other comments), I find too much emphasis on the too quick and arbitrary establishment

of Army positions" and on an eq'ially arbitrary set of 'back-of-the-envelope' studies which

are prepared expressly to "sell" the poorly conceived positions. These feeble efforts are then

presented to OSD with the bravado and confidence of the topmost salesmen. I can say to

you here today, on the basis of careful observation, that this type of sales approach is

almost certain to fail. Let's examine the situation. After all, who are these analysts in OSD?

They are a group of people who, for various reasons, have been employed in OSD and,
thereby, have been given considerable authority. But they also possess other characteristics.

They display the same shortages and lack of good professional talent that you find in AMC
and in other elements of the defense establishment -perhaps even more. Once you recognize

that fact, you begin to understand how chancy poor analyses or the mere catering to these

influential personnel can really be. Oh, how many times I have seen attempts to cater, or to
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pass poor products, idil miserably, and they fail for a variety of reasons. First, they fail
because the elements who have been catered to do not turn out to be the elements who
make the final decision-a most rude awakening. ""he caterers often find that they have been
catering to the wrong gang. Another fairly obvious reason is that many of these so-called
influential elements turn over very rapidly, and you suddenly fund that those who seemed to
buy a particular pitch are no longer there: and, incidentally, their presumed acceptance of
certain views are almost never binding on the new gang. But chiefly, these sales pitches fail
because the quick back-of-the-envelope attempt to justify preconceived conclusions will
almost surely be surfaced by some experienced analyst somewhere along the line. Now, I am
not against your maintaining a continuing dialogue with pertinent elements at all higher
echelons. In fact, I wish to go on record that I encouragc it. But, please don't degrade that
dialogue. Don't degrade it by assuming that you can somehow ouzwit, outmaneuver, or
circumvent the higher echelons. That approach will work only sometimes. Use that dialogue
instead !o inform yourself about what these people need and also to understand their
guidance. But most importantly, and I want to stress this, if you believe that they are
looking at the wrong problem, asking the wrong question. or that their guidance is wrong,
bring it to their attention and try to get them to change. But even if you feel so constrained
that you must do what you are told and not question higher authority, you should, in
addition, conduct thcse analyses which reflect what you believe to be correct. As I
mentioned earlier, you are in -: much better position than most other people to know what
is the right kind of research, and you have the better capability to produce the evidence
which can prove that you are rijht. I guess what I',:i saying is that you should, of course,
worry about the Dr. Enthovens and the Dr. Paynes, but don't do so to the exclusion of what
you believe to be right. Determine for yourself what you consider to be the correct
objectives of the assigned task. Do the best possible study you know how to do and make
those recommendations which derive from those analyses. Wherever possible, work within
your guidance, but if you think it necessary, do more. In the last analysis, that is the only
effective way to sell anyone's product.

Befbre leaving this subject, let me encourage you to include education as a central part
of your dialogue with higher echelons. Let me O"'strate. O'w nf the ,pore frustrating parts
of my job is that, like you, I must often de,_. with some who know little about the subject
under consideration. The other day. for exati l, my secretary arranged an important
appointment. A Mr. "X", in OSD, had called asking for an appointment to discuss certain
weapon systems. He arrived promptly at the appointed hour. We went through the usual
amenities, and I asked hi:;-, when lie had arrived in OSD. He was a very young man who had
just graduated summa cur laude with a bachelor's degree in a nontechnical area from one of
the leading universities in this c. ntry. I then asked him what he had come to see me about,
and he started by telling me that for the previous 2 weeks he had been reading some of the
Army's studies of a certain class of weapon systems. He went on to tell me that he found
them very disappointing - incorrect, in fact. I aked him what studies he had read, and when
he told me, I singled one out and asked him to tell me what he found in that specific study.
He pulled out his notes and quickly rattled off five deficiencies. In each and every case, he

-127-



had completely misunderstood what had been done. I pointed out some of his errors and
suggested he reread the reports. Yet, I am sure that his erroneous impressions had already
been conveyed to his superiors.

Our only hope in such situations is to attempt to teach the individual concerned. It
would be wrong to ignore such individuals. In fact, that man represents a real ray of hope.
Remember, my visitor had read the reports - and had, thereby, displayed a willingness to
learn. Many of you know , have been trying to educate by arranging for various get-
togethers between OSD and some of you. But, that is not enough. In all of your dialogues
you should keep in mind that any time spent in education may provide a greater pay-off in
the long run. I know that by so doing you will certainly help me; I believe that eventually it
will help us all.

In conclusion, I would like to repeat that AMC has an effective and sound organization
upon which to base its further progress in the application of operations research. I believe
there are some new directions which you must take, especially in the later phases of the life
cycle. You must also recognize that many of the problems you face today result from a lack
of good professional assets, and that somehow you must centralize to make the most
etifhient use of those limited assets. Having done so, those organizations must then act as
the training grounds, the 'universities', in which to train the next generations of analysts.
Lastly, rethink your relationships with the higher echelons. Understand them better.
continuc your dialogues, but never forget that you are professionals and that as such you
have a responsibility to question an 1 to do the best professional job you know how to do.
There will always be many pressures on you - from on high. Above all, maintain your
objectivity.
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A TIME DEPENDENT ARTILLERY EVALUATION MODEL

Alan S. Thomas
Weapon Systems Division

Army Materiel S. -tems Analysis Agency
U.S. Army Materiel Command

Before describing the Time Dependent Artillery Evaluation Model, I shall briefly
describe the problem to be solved and a few of the weak points of previous models that led
to the development of an evaluation model that considers the time dependency of events.

The basic problem is to choose among many candidate artillery systems those which
either add to existing capabilities or significantly reduce the cost of maintaining an existing
level of effectiveness.

To illustrate the problem, consider a present family of artillery consisting of two
cannon types, A and B. Two missile systems are being examined as alternative candidates to
be included as part of a future family of artillery. Mi"ile X can be thought of as a small,
accurate system and missile Y is a larger more inaccur . missilc 3ystem.

The pertinent questions to be answered are:

Will a missile system reduce the cost of attacking a threat vis-a-vis the present
family? (Constant Effectiveness Problem)

For a given cost, can an added missile system increase the number of threats
that can be attacked? (Constant Cost Problem)

If a missile system is desirable from one or the other of these standpoints,
which missile should be built?

The basic approach that had been used to attack this problem is shown schematically
in Chart I.
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Previous Evaluation Model

TARGET ACQUISITION
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IARTILLERY RESOURCES
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* Accuracy

Maximum Range
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* Size a Crated Round Weight

* Posture e Complete Round Cost
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* Casualties or Vehicle

Damage Required
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CONTRIBUTION OF

NON-ARTY WEAPONS

EFFECTIVENESS COMPUTATION

F WEAPON-TARGET ASSIGNMENT

MEASURES OF EFFORT] MEASURES OF EFFECTIVENESS

* Amiunition Weight S Nufler of Targets
* Amun ition Cost Attacked

Chart I

The left branch reflects the firepower requirements imposed on the artillery resources
of ilit righi br.-, . The Artillery r'sources are represented by a mix or family of weapons
selected from existing weapons and one or more candidate systems.

The requirements and resource-s are combined in the effectiveness computation.
Number of rounds and associated ammunition weight and cost .:re determined for each of
the weapons in the trial mix t attack each of the targets in the threat.

Each target is then allocated to the weapon in the trial mix which can attack it with
minimum ammunition weight or cost, whichever criterion is chosen. A summary is given of
total weight and cost of an. iunition expended by the mix and the number of missions
assigned each weapon of the mix.
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A weapon designed to attack specific target types is given an inherent advantage in the
model compared to weapons that do a fair job against a wide variety of targets.

The model is limited to making relative comparisons. What is needed can be
determined, but not how much.

Allocation based on minimum cost is not exact because of the relationship between
unit cost and number used and those produced. Since the analysis is basically one of
comparative cost for equal effectiveness, the worth of additional capability cannot be
measured.

The last problem area shown, however, is the greatest problem area. In our example, it
was noted that micsile Y, the large missile, was more attractive than the smaller one. In a
real combat situation, however, many demands are placed on artillery systems in short
periods of time. It may be that the best weapon cannot be matched with appropriate
targets. Suboptional allocations then result. The apparent difference in munitions required
when comparing missile X and missile Y might be wiped out by these suboptional assign-
ments. It is even possible that the smaller missile could be more desirable under these
conditions.

This phenomenon was labeled "surge" by the Department of Defense. It was a new
concept to us and required tho foimulation of a workable definition so that the model could
be extended to evaluate it in all its ramifications.

The definition that was adopted for this term which perii.itted quantitative treatment
is an artillery force that is in a surge situation when the total number of fire missions
presented to the force over a period of time exceeds the number of fire missions the force
can perform. With this definition to work from, an extension of the n,,-lel to include the
dimension of time was undertaken.

Analysis of results, isists of a c ,atpa~ijwn of weight and cost for different mixes to
attack the targets in the oireat. Comparisons of nmbers of targets attacked by the weapon
in the mixes can be matte. Care must be taken that all mixes whose weights and costs are
being compared are capable of attacking identical sets of targets else both cost and effective-
ness vary simultaneously and the results become indeterminant.

Chart 2 shows the results of such an allocation procedure with our simple problem.

-131-



PERFORMANCE OF ALTERNATIVE WEAPONS ON THE PORTION OF THE
THREAT THAT THE PRESENT FAMILY CAN ATTACK

MINIMUM WEIGHT MINIMUM COST
ALLOCATION ALLOCATION

TOTAL CRATED TOTAL AMMO TOTAL CRATED TOTAL AMMO
WEIGHT COST WEIGHT COST

FAMILY (KMT) (KILO $) (KMT) (KILO $)

PRESENT 100 300 100 300

PRESENT + MSL X 60 360 95 300

PRESENT + MSL Y 40 280 45 270

Chart 2

When the allocation is based on minimum weight, the addition of missile X to the
present family reduces the total weight needed to attack the targets. The dollar cost is
increased. Howev -, if instead of missile X, missile Y were included in the present family, a
greater savings in weight compared to missile X would result and cost would be reduccd

relative to the present family. If minimum weight is the desired criterion, the missiles
significantly reduc' *he weight required to maintain present capability; of the two missiles,

missile Y is more desirable.

A similar conclusion is reached when minimum cost is the F-Isis f r the allocations.

Chart 3 was the basic tool used in the analyses of the studies shown on this viewgraph.

-132-



STUDIES EMPLOYING OLDER MODEL

JAN 63 BRIL A COST EFFECTIVENESS ANALYSIS OF TACTICAL

NUCLEAR WEAPONS

APR 63 SEAMAN FIRE SUPPORT REQUIRFMENTS ST"AY

BOARC

APR 64 BRL COSI EFFECTIVENESS ANALYSIS OF MULTIPLE

.RTILLERY ROCKET SYS T EMS

SEP 66 BRL REOPTIMIZATION OF A MULTIPLE ARTILLERY

ROCKET SYSTEM - MARS II

JUL 67 CDC PRELIMINARY ANALYSIS OF THE OPTIMUM MIX

OF ARTILLERY UNITS 1971-75

Chazrt 3

I xperience with this model led to increased appreciation of its weaknesses. Some of its

problem ..reas are:

Leads to specialized systems

Limited to relative comparisons

Restriction to parametric analysis of cost-quantity relationship

Poor measurement of increased capability

Suborbital solutions not analyzed.

The resulting model is shown in its entirety in Chart 4. The component parts are
isolated in Charts 5 and 6.
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Chart 5

More information is extracted from the threat data Mr. Reid provides. Rie missions are
separated into two categories: other missions such as smoke, illumination, H & I, or final
protective fires and acquired targets. Both tys are described in terms of similar param-
eters, the primary difference being that other missions are computed from frequency
consideration while acquired targets resui. .,om unit deployments.

The additional information that must be provided for each mission consists of:

Arrival time at the fire direction center

Estimated duration time
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The organizational level of the FDC responsible for the mission

The accumulated amount of damage done the target on prior missions. Since
the same enemy unit might be acquired several times during a day, some
provision must be made to accumulate damage. Units having accumulated
damage above some specified amount are withdrawn and all subsequent
missions corresponding to acquisitions of these units are deleted.

All artillery missions occurring at a particular time are selected. They are next sorted
according to the priority with which they would be considered by artillery commanders.
The higher priority targets will be processed first so that their demands on artillery resources
can be met before those of lower priority missions. The resultant current mission list
constitutes the total firepower demands placed on the artillery at that time.

Chart 6 is a schematic of the artillery resources, the effectiveness computation, and the
allocation subroutines of the model. The dashed boxes and shaded boxes have the same
connotation as before.

Artillery Resources. Effectiveness Computation.
and Mission Assignment

"T.REAT' RIAM

ORGANIZATION FOR COMBAT

* FDC Assignment
O Deployment '.Acuacy
a Movement Schedule N AcuRage

0Rate of Fire
R liabilt

L~! CURRENTCrated '~ Weih
Cf heiod CoFIRE REQUEST CHANNELS MISSION LST

FIRE UNIT AVAILABILITY
A munition TIME

a Range
a Busy
* Redeploying

[EFFECTIVENESS LJMUTATION

UNIT ASSIIUNT - O-2 -L S2

HEW ES OF EFFORT 1MEASURES OF EFFECTIVENESS
e Wihght IoCasualties

6 Costs

Chart 
6
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In addition to the characteristics of the weapons constituting a trial mix, the
organization for combat of the weapons in the mix must be considered.

For each weapon in the mix, the number of fire units composed of that weapon is
given. Each fire unit is assigned to an appropriate FDC. Geographic deployment of units
together with a movement schedule is provided.

To process a mission from the current mission list, an assessment is made of weapon
availability for each fire unit assigned to the FDC responsible for the mission. Determination
is made of the number of rounds available to each fire unit for the mission based on current
ammunition inventory, the unit to target range, whether the unit is conducting another
mission, or whether it is redeploying.

Expenditures c-e computed for single fire units or combinations of fire units to attain
the desired attack level on the estimated target. Number of casualties and armored vehicle
damage is assessed on the actual target for the respective combinations of attacking
weapons.

If one or more combinations of weapons can successfully attack the target, a
predetermined criterion is used to select the best combination to be employed. The mission
is performed by these units; ammunition inventories of these units are adjusted and the
units are keyed to be busy for other missions occurring in the same time period. The
casualties or vehicle damage inflicted on the actual target by the combination of weapons is
recorded and accumulated as part of the effectiveness measures. Weight and cost of
ammunition required are similarly accumulated as measures of effort.

If the mission cannot be performed by any combination of units available to an FDC,
the mission is sent to the FDC at the next higher echelon for further consideration if the
expect i duration time allows. If the mission is at the highest echelon, it is deferred until
the next ime period. If the estimated duration time is such that it would have been assumed
to have dek-arted by the next time period, the mission is recorded as permanently lost. The
total number of such missions is summarized as part of the effectiveness measures.

This completes the description of the simulation model. To evaluate mixes, it is
necessary to define the measures to be used. A typical set of significant measures of artillery
performance are shown as:

Ammunition cost

Ammunition weight

Casualties inflicted
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Armored vehicles damaged

Missions left unperformed.

The first two are measures of effort, and the last thr~e are measures of effectiveness.

Chart 7 lists studies that have employed the time dependent model. The significant
point to be noted is our most recent emphasis on studies supporting the AMC System
Analysis tasks, which the older sLudies supported joint AMC/CDC efforts.

STUDIES USING TIME DEPENDENT ARTILLERY EVALUATION MODEL

JUL 1967 CDC OPTIMUM MIX OF ARTILLERY UNITS 1971-75

MAY 1968 CDC LANCE COST AND EFFECTIVENESS STUDY

MAY 1968 CDC DIVISIONAL ARTILLERY STUDY

JUN 1968 CDC TACFIRE COST AND EFFECTIVENESS STUDY

OCT 1968 AMSAA AN EVALUATION OF EXISTING ARTILLERY

AMMUNITION ASSETS (FORTHCOMING)

NOV 1968 AMSAA SENSITIVITY OF ARTILLERY PERFORMANCE TO

VARIATIONS IN TACTICAL CONSTRAINTS

(FORTHCOMING)

Chart 7

It has been found that such studies can be extremely useful in eihancing the ability of
AMC to perform its mission. 1 he studies themselves provide a virtuI handbook of current
data in a readily understandable form. Factor analysis using (he mnodcl can provide guidance
to the AMC budgeter on what areas have the most potential to improvc, artillery
performance. By providing a peek at what others are doing, such studies have resulted in
improvements in weapon characteristics. An example of this phenomenon is the
competition between cannon and missile systems. Each system could borro.. the best
features of the other. The net result is an overall improvement in AMC performance.
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SEMICAMING METHODOLOGY FOR DYNAMIC THREAT DESCRIPTION

Arend tt. Reid
Weapon Systems Division

Army Materiel Systems Analysis Agency
U.S. Army Materiel Command

There are a number of things that must be known by the fire support weapons systems
analyst. Some of the important oFp :ct aic the AMSAA approach to and derivat'on of target
characteristics for fire support weapons, analysis of our target intelligence capabilities, and
analysis of the effects of certain characteristics of the operational environment. Because a
great variety of potentially applicable fire support means exist, such as mortars and missiles,
naval guns and tactical aircraft, the fire support systems analyst must have a means to
address his studies in the perspective of the total combat environment. Semigaming was
originally conceived as a method for comparing the capabilities of dissimilar, or at least
diffe,-ent performances in weapons in performing similar tasks.

Semigaming is a method developed by the United States. This method uses a series of
sequent~il map deployment estimates called target arrays. The sequential arrays are drawn
showing the commitment and movement of enemy forces over some time interval. Enemy
forces are drawn in some detail and once their dispositions and movements are determined
by assuming typical tactics, they are then recorded and fixed. Then we work out a plan for
the employment of our own sensors and weapons opposing this threat. Sensor information
is interpreted together with order of battle and terrain intelligence to develop fire plans.
Time factors are recorded, and the intelligence analyst's estimate of target location, type
and size are compared with the previously fixed data. The resultant "errors" are then
recorded so that weapon performance may be degraded accordingly.



SEMIGAMING

0 A SER.ES OF STEPS-

THREAT DEFINITION

PORTRAYAL OF TARGET DEPLOYMENT AND MOVEMENT

TARGET ACQUISITION SIMULATION

TARGET INTELLIGENCE ESTIMATION

* USING GAMING METHODS TO PRODUCE -
A SINGLE, FIXED, BUT DYNAMIC

THREAT DESCRIPTION

• FOR FIRE SUPPORT WEAPON EVALUATION STUDIES

Chart I

In this talk I will be repeating some things that others have said. I ask your indulgence
when I state or restate the obvious. In so doii I want to bring out some things the AMSAA
has been trying to do to overcome limitations of past studies.

The AMSAA has a small tactical operations analysis capabilit,' Ihe objective is to
ensure that our systems analysis studies relate to the battle environment, an environment
where the potential best use of some system is influenced by the methods, capabilities and
limitations of human users, supporting systems, and alternative systems. The role of the
tactical operations analysis study effort in ANISAA is twofold: to interpret th ,;er's needs
or stated requirements for systems in a context that lends itself to scientific analysis. and to
recognize advances in system state-of-the-art in such a way that the potential of such
advances may be tested without restriction or biases that might, unnece.Saril/. be imposed
by past tactical doctrine.
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In 1969, the dynamic target array is widely used as the basic threat description in fire
support weapon evaluation studies. It provides a means for the weapon systems analyst to
consider factors of target size and hardness, weapon-to-target range, target frequency of
occurence, accuracy of target information from the weapon's point of view, echelon infor-
mation reported and the availability and duration of targets as a furction of time.

The enemy threat employed in many past cost-effectiveness studies has consisted of
one, or at the most, several static target arrays (or tactical deployment estimate's, of a
potential enemy, frozen at some point in time.

The main difference between Lnis static array and a dynamic array is that the dynamic
array consists of several such instantaiieous deployments in succession which depict the
significant movement on the battlefield as potential targets maneuver.

Adequate derivation of dynamic factors is involved and time consuming. Thus, in many
past studies it has been assumed that one weapon could be affected about as much as
another by such dynamic factors. In comparisons of different systems these factors might
not affect each weapon in the same manner. Time is important because the ability of a
system to attack targets is a function of the duration of the target when deployed, the speed
of the target when moving, and the hour at which attack is desired.

As an example, an artillery missile can usually respond to targets acquired at night. An
aircraft's capability ,everely reduced at night, and must often hope that the targets are
still there in the morning, or later if the weather is unfavorable. Conversely, the aircraft can
attack targets when they are most easily acquired, while moving. The missile must wait until
they halt, and hope that they can be found.

No tneaningfidl analysis of the advantages of one weapon system over another in a
competitive role can be accomplished with only qualitative considerations of dynamic
factors. Their value must be determined and exdmined thoroughly and quantitatively.

The most important attribute of the dynamic target array produced through Wemi-
gaming is that. despite its timedependent characteristic, it provides a common base for
evaluation of alternative weapons or alternative mixes of weapons. Variations in weapon
capability can be evaluated without the need to generate new threat information for each
alternative weapon concept.
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SEQUENTIAL DEPLOYMENT ESTIMATES
TRACING THE MOVEMENT..

/ 00 OF EACH VULNERABLE TARGET

FROM ONE SEQUENTIAL ARRAY TO THE NEXT

Chart 2

Semigaming is an open methodology which applies a mixture of gaming rules and
professional experience to predict the interactions of opposing forces. Significant changes in
the overall posture of the enemy (threat) force are recorded in detail on map overlays, and
records are made of the events that occur during the periods of time between the mapped
records, in tabular form. These include detailed records o' zotential target duration anti
movement from one position on the battlefield to another. Following the completion of this
series of steps. certain aspects of the friendly force deployment are also recorded.

The record of information concerning friendly activities has varied in our studies
during the past few years. It is a function of both the needs of a particular study anti
available time.

For the legal mix-fornerl Redleg study. which will he discussed in the next presenta-
tion, records were made of United States combat unit positions down to brigade, anti
alternative artillery firing positions were selected and recorded. In addition the position anti
periods of operation of each friendly target acquisition snsor were recorded in detail.
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The target acquisition analysis is facilitated by the time-dependert characteristics of
the target array.

FAMILY OF TARGET ACQUISITION SENSORS

FORWARD OBSERVER OR OP

NIGHT VISION
FLASH AND SOUND RANGING
COUNTERMORTAR RADP R
COUNTERBATTERY RADAR
GROUND SURVEILLANCE RADAR
VISUAL AIRBORNE TAR GET LOCATION SYSTEM

LONG RANGE PATROLS
ARMY SECURITY AGENCY (ASA) SYSTEM - SIGINT
USAF AIRCRAFT, WITH IR, PHOTO

Chart 3

Data are accumulated on target acquisition means available to a United States field
army for each sensor; the data gathered include the echelon at which it is employed, as well
as the number avat. hie for employment, range, accuracy, and quiality of target element
identification together with limiting factors, such as the effects of fog, rain, darkness, and
terrain obstacles, and the time required for information transmission, processing, and

retransmission to a using fire support system.

The initial step in this phase of the semigaming method is the creation of surveillance
plans for guiding the employment of the various sensors. These are prepared through the

introduction of initial artifical intelligence and are based heavily on map analysis and a level
of order-of-battle infornation that could be expected to be available during combat.
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SEMIGAMING TOOLS

TARG T IPLE0 \ (7,

TARGET ACQUISITION SENSORS

SURVEILLANCE PLAN

Chart 4

In estimating target acquisition information that will le available to the fuzurc field
commander, we try to issess intelligence in the same .manner as intelligence data presented
to the tactical coi *mander would be assessed. We separate the analysli of data obtained
through sensors from the over-all intelligence analysis. Target intelligence is developed by
analysts who are exposed only to a description of the general tactical situation, the frag-
mentary information which sensors provide, order-of-battle infor ition. and maps. These
analysts are not permitted to compare their infoiation with 4actual deployment informa-
tion shown on threat overlays, hut they arc permitted to alter the sorveianc plan when-
ever they wish.

Next, the sensors arc "crnployed" against the target arrays to deterw- a list of t.rgets
vulnerable to detection by various means. Lists. are compited showing each tar'et vulnerable
to detection, together with the appropriate senors.

Target duration from the ortginal recor' it then c,,mp-,red with these datut. and the list
of vulnerahk targets prepared in the previtus strp is accordingly mod(ified to rtflrid only
thor "irgcensor combinations which can result in target detlction.
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At this point target models for each type of target are introduced. A target model is :
detailed presentation of the target and terrain on which it is located in such a manner that it
can he analyzed to determine the parts subject to detection by specific sensors.

Environmental degradation factors are then introduced. Sensor-target combinations
subject to line-of-sight restrictions are resolved in the absolute sense, i.e., a map analysis is
performed to determine whether the target is visible each time a sensor "looks" in its
direction. The effects of vegetation, darkness, and atmospheric ,ioisture are determined.

ENVIRONMENTAL DEGRADATION FACTORS

INTERVISIBILITY
WEATHER
LIGHT/DARKNESS
VEGETATION
BATTLEFIELD CONDITIONS

Chart 5

Each sensor-target combination is tvalua~td in like manner. Width of sensor coverage
on the ground is analyied on large-scale overlays (1:6.250) of each target model. The
preliminary acquisition lists are then revised, incorporating these degradations. These revised
lists are then analyzed by a separate group of analysts whose task is to evaluate the data
obtainable from sensors in the same manner that intelligence personnel in the field would
proces-, target infornation to obtain target inteiligence.
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This group prepares an "estimated" fire-plan which includes: target type, target center
location, target size, and it lists the sensor(s) that provided the initial information. The
appropriate information routing is reviewed as a final check on processing time in light of
planned command and control procedures. A location error is determined for each target
based on coordinates chosen by the intelligence team, compared with the actual center as
originally recorded from the target arrays. This error may be related to sensor capabilities
and map accuracy alone. In a majority of cases where the target identification may be
expected to be of good qdality, however, the intelligence analyst can improve on sensor
accuracy throt;,h a careful study of the battlefield map.

TARGET COMPLEX DATA

TARGET NUMBER
NUMBER OF TIMES ACQUIRED
TIME TARGET INFORMATION AVAILABLE
ESTIMATED TYPE
ESTIMATED DURATION
ESTIMATED LOCATION
ESTIMATED RADIUS
LOCATION ACCURACY
SENSORS THAT ACQUIRE
ACTUAL TYPE
ACTUAL DURATION
ACTUAL LOCATION
ACTUAL SIZE
UNIT DESIGNATION
COMPOSITION

Chart 7

The product, a list of potential fire missions ordered by time of target acquisition, may
be compared with the "actual" threat as originally shown, and the effects of fires on targets
estimated by the target intelligence team can be assessed against the actual targets.

I'd like to point out that the data that can be obtained through semiganing support
AMC studies in many ways.

The applications shown on the chart relate primarily to data based on weapon and
sensor employment.
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MUNITIONS VARIATION IN TARGET POSTURE
VARIATION IN TARGET ENVIRONMENT

FIRE SUPPORT WEAPONS VARIATION IN TARGET TYPE
TARGET INTELLIGENCE CAPABILITIES

FIGHTING VEHICLES FREQUENCY OF ENCOUNTER
COMMUNICATION SYSTEMS FREQUENCY OF MESSAGE

REDUNDANCY REQUIREMENTS
TARGET SENSORS VARIATION IN TARGET ENVIRONMENT
SMALLARMS CRITICAL ENGAGEMENTS
LOGISTICS VEHICLES FREQUENCY OF TERRAINS ENCOUNTERED

Chart 8

This audience is fully aware of the long iist of drawbacks to war gaming. One of them
has been the high cost of extensive game replications when many alternative tactics or
weapons or opposing forces or logistical concepts and so on must be investigated. I believe
that valid systems analysis studies, supporting the AMC mission, can be pursued with the
semigaming method at considerable saving of cost and time.
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SYSTEMS ANALYSIS CAPABILITIES AT THE US ARMY ELECTRONICS COMMAND

Daniel Salvano
Chief, Systems Analysis Division, USAECOM

USA Electronics Command
Fort Monmouth., New Jersey

The ECOM Systems/Cost Analysis Office is more than pleased to participate in this
first AMC Systems Analysis Symposium. We are also pleased to have had the opportunity to
discuss programs of mutual interest in these past 2 days. For those participants who are not
familiar with the Electronics Command, I would like to take a few minutes to describe
briefly ECOM's organization and scope of activities.

ECOM is located at Fort Monmouth, New Jersey, and is under the command of Maj.
General William B. Latta. As can be seen in Chart 1, ECOM's mission covers a wide spectrum
of Communications-Electronics activities, such as electronic components and power sources,
communications, avionics, atmospieric sciences, electronic warfare, combat surveillance,
and night vision. It also includes otcr typical operating and support activities, such as
Research and Development. Production and Procurement, Maintenance Engineering,
Product Assessment and Value Engineering.
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ECOM employs approximately 13,000 people with major activities located in Fort
Monmouth, New Jersey, Philadelphia, Pennsylvania; Fort Belvoir, Virginia; and White Sands,
New Mexico. Total ECOM business is estimated at about $1.5 billion, with approximately
$275 million allocated for R&D activities. This is big business, and it is estimated that the
Systems Analysis workload can easily support about 50 personnel required for conducting
inhouse studies. As you can see from Chart 2, we estimate on an annual basis at least 5 to 10
major systems analysis studies, and approximately 10 to 15 smaller cost-effectiveness
studies. It is apparent that a savings of $1 or 2 million on any one system study would more
than pay for the support of such an activity. This amount represents only a small fraction,
about one-tenth percent of the total ECOM business and appears to be a modest investment
in view of the anticipated returns.

MAJOR CAPABILITIES

1. TOTAL ECOM PERSONNEL 13,300 PERSONNEL

NUMBER OF ENGINEERING PERSONNEL 4,100 PERSONNEL

2. RDi~k FACILITIES - INVESTMENT $1.2 BILLION

3. TOTAL ECOM BUSINESS $1.4 BiLLION

RDT&E $275 MILLION

PEM'A S1 BILLION

O&MA $135 MILLION

4. CURRENT MILITARY REQUIREMENTS 125 APPROVED DOCUMENTS
(Q'OO/QMR/SDR)

5. CURRENT CM2P'S q6 ITEMS @ $740 MILLION

6. AN JAL SA/CE WORKLOAD 10 MAJOR SYSTEM STUDIES

15 SMALLER C/E STUDIES

Chart 2
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Additionally, it is believed that a competent Systems Analysis capability, at ECOM,
would have even greater impact on other major Army systems, because of the multimission
aspects of ECOM commodities. This is apparent from my next chart and illustrates how the
command-control, and Communications-Electronics issues, cut-across a' d permeate most
combat missions such as moving, shooting and the gathering of intelligence and other data.
Note on the left hand side of Chart 3, 1 have listed some of the major ECOM commodities.
it can be seen, that these commodity areas, directly support major Army Weapon Systems
or subsystems, such as AAFSS, a Division Communications System as in the case of RADA
and for the targeting of ground missiles and long-range artiilery, as in the case of MOHAWK.
There is no question that the Communications-Electronic issues, constitute a vital link, and
may possibly be the crucial systems analysis criteria for evaluating the combat-effectiveness
capabilities, of the Army's major weapon systems. The Army's Force Development Plan
(AFDP) for the period 1966-85 lends credibility to this hypothesis. Of 78 modernization
iters, 18 items, or about 23 percent of this total, are the development responsibility of
ECOM. Forty-seven additional items, or about 60 percent more of the total, are supported
by ECOM.
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The cost-effectiveness of an infantry division, an AAFSS, C: a lance-type weapon
system is, therefore, critically dependent upon the performance of ECOM commodities or
subsystems, which fortunately, have identifiable, independent functions. Consequently,
total missioai success of major Army systems can be readily identified and related to ECOM
subsystems or equipments. An example of some of these relationships is shown under the
column entitled, "Typical Figures of Merit".

The primary Systems Analysis activity at ECOM is a division of the Systems/Cost
Analysis Office and is under the operational control of the Comptroller and Director of
Programs, ECOM. It has an authorized TDA of 20 spaces, with 15 personnel on board and 5
vacancies under recruitment. It should be noted that all 20 spaces have been provided from
existing ECOM resources: however, we have submitted a PCR to AMC for a total systems
analysis staffing of 45 spaces.
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Note that four of these five vacancieb are for operations research analysts. We have

found it extremely difficult to recruit qualified analysts for these positions, and we antic-
ipate that this problem will continue to exist on an Army-wide basis for considerable time.

MANPO,E.2 RESOURCE9

(EXISTING £ PROJECTED)

SYSTEMS ANALYSIS

ELCT ENGR 7 (1)

OP RSCH ANIAL 3 (4)

ON BOARD PROG ANAL

AND ,ATHEATICIAN

CO.V I TTED STATISTICIAN

ECONOi I ST S

COM SPEC 2

CLERICAL 3

TOTAL 15 (5)

INCREASE PENDING PCR APPROVAL 25

"5

Chat S

The present breakout of spaces for the Systems Analysis Division is listed on my next
chart and shows the type of personnel and total strength of on-board and committed spaces,

About 50 percent of our professional personnel have jdvanced dep'ees.

My next chart lists the major ,.,,rent and projected workload for the United States

Ary Electronics Command. It should be stated that this does not include all of the
Systems Analysis effort at ECOM.
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Note that ECOM is working on 12 major studies, has completed three, and plans to
initiate nine additional studies. We have listed these studies under three major headings:
concept formulation, development and production, and supporting type studies.

An example of a study that supports the concept formulation' phase is our recent
inhouse cost-effectiveness study on TACSATCOM, The results of this pilot study were
presented to the AMC Materiel Studies Review Committee in August, and the final prelimi-

nary study report was submitted to OCRD in September 1968. Other major studies sup-
porting the concept formulation phase are the MALLARD System Studies at RCA and
Sylvania and the Manned Aerial Vehicle for Surveillance (MAVS).

Another inhouse project (this one supporting major development and production deci-
sions) is a Cost/Worth Study for a Lightweight Contingency Station for the Defense Com-
munications Agency. The purpose of this study is to determine the cost and worth of

reducing the size and weight of conventional DCS contingency stations by the maximum
utilization of integrated circuit technology and the latest techniques in modular construc-
tion. Although this study has experienced some delays, it is expected to be satisfactorily

completed by May 1969.

Other items, such as Methodology for MALLARD and the Cost-Effectiveness Lecture
eeries and Handbook, support the development of a competent systems analysis capability,
and arc required to provide the necessary analytical tools, techniques, and models, for
evaluating alternative design concepts in order to allow the decision makers, to make a
valued judgment on major materiel programs. A current inhouse study which also comes
under this category, is the Army Tactical Communication Study (ATCOM), which is a
Department of the Army, Chief of Staff directed study. The objective of this study is to
provide a continuing capability within the Army to evaluate and present cost/capabilities of
tactical communication equipments/systems in order to provide a sound basis, for making
and justifying R&D and PEMA plans. and program decisions.

The ECOM Systems/Cost Analysis Office is now undergoing reorganization. It is
planned to re-structure this office with four divisions as shown on this chart. This type

organization is considered more compatible with other AMC-wide activities, and provides

for more effective utilization of personnel. An MTDA is presently being prepared by ECOM,
and will be forwarded to AMC for approval in the near future. In the proposed four division
structure:
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My next 'hart shows a realig-.ment of manpower resources from both the Systems
Analysis and the Cost Analysi3 Division required to satisfy the proposed four-division struc-
ture. The total of aighty spaces shown includes both the current authorization of 45 spaces,
(i.e. 20 from the Systems Analysis Division and 2S from the Cost Analysis Division), plus
the anticipated spaces from both the systems and .st analysis PCR's

MANPOWER RESOURCE.S
(EXI STING & PROJECTED)

SYSTEMS COST
NA.'VSI C ANALYSI S

ELEC ENGR 9 (1 5
OPER RES 3(2) I G)
PROG ANALYSTS 5

ON BOARD MATHEMATIC!AN 3 (2)AND STATISTICIAN 2COMMITTED ECONOMISTS 26)
COMM SPEC I -
CLERICAL 4 3

TOTAL 17 (3) ?1 (4)

Additionally authorized (being recruited) 5
Increase pending PCR approval 25 5

45 35

*Includes two military

Chrt8
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Although our rate of progress has been slow over the past two years, we do have a large
program effort underway and we have developed the cadre for a competent systems analysis
capability primarily within ECOM resources. Consequently, in spite of what was said DA
and AMC approval of ECOM's proposed Systems Analysis staffing PCR, would go a !org
way toward accomplishing the study programs directed by DA and AMC.

Additionally, timely approval by AMC of ECOM's proposed restructuring of the Sys-
tems and Cost Analysis Office to a four-division structure, will significantly improve the
overall effectiveness of our inhouse study capabilities, as well as help our recruiting efforts
to obtain qualified analysts.

Finally, there is a need for the establishment of an overall AMC-wide RDT&E project
structure, and program authority, for continued and sustained support of systems analysis
research efforts which cannot be supported by Operatiorn, Maintenance and Allowances
funds.
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EFFECTIVENESS ANALYSIS OF COMMON-USER COMMUNICATION SYSTEM

Michael A. Benanti
Chief, Systems Analysis Methodology Branch

USA Electronics Command
Fort Monmouth, New Jersey

The subject of my talk is the Army's common-user communication syst, n. This is
something like the commercial telephone party-line where there are many more people
wanting to talk to each other than there are telephone channels. The system is therefore
shared, sometimes at great inconvenience. In the Army's case we have, instead of
inconvenience, an adverse effect on the ability to conduct successful military operations. An
improvement in the Army's common-user system is constantly sought by commanders. No
small R&D effort is directed toward this improvement. Related to this effort is the need to
analyze and weigh effectiveness or determine worth. This discussion will address one
approach to conducting such an analysis.

This composite deployment (Chart 1) of a typical brigade headquarters identifies the
command staff sections and the communication support section. There are two multi-
channel radio links interconnecting the brigade with its next higher command (division).
These radio links provide communication channels which are shared by the brigade com-
mand and his operations, intelligence, personnel and logistical staff officers and other staff
elements, such as artillery, air defense, and aviation. This communication system is used to
coordinate and control the brigade, tactical missions, and provide for logistical support.

Coordination with higher headquarters is accomplished through the radio system
shown on the hill, the blk of the chahnelr in then. systems are common-user, or shared by
command staff elements.

Although this deployment is typical of a brigade headquarters, similar communication
requirements exist throughout combat and combat support echelons of the Army in the
field.

These other requirements, taken together, call for a much larger communications com-
plex than the one we see here. They are called signal centers.

Before we get on with our description of common-user systems, please look at Chart 2.
We are looking ahead to give you some sense of what might go into the makeup 0r larger
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signal centers, larger than the one we saw on the hill in the previous slide. The radio shots to
the left and right are the links to other main signal centers like this one. The common-user
circuits are contained in these vans.

slowPE

Chart 2

Now, in Chart 3, we see these same large signal centers linked together into a network.
A two-Corps Army network may look something like this system. The large circles ame
communication centers or nodes, the lines interconnecting these nodes represent multi-
chiannel c.onlaiunication links. The smaller circles and the lines to the nodes represent
sub.,criher access systems. Since many subscribers in one area may have to transact business
with groups of subscribers in another area, there will be competition for communication
channils within each of the links of the system: i.e. first over the access link. then through
the nodal link and then through another access link to the described subscriber. If you can
vi~lize this competition for channels going on throughout the network, then you can
realize the Army's common-user communication problem. The number of ch.Amnels available
in the links are litnited, and a subscriber wis to be connected with someone else is really
cntgaged in a gzriie of chance. The probability of achieving success is dependent upon
channel capacily, antl system desigri. The reason we emphasize this inherent system defi-
ciency, is that system performance can be improved as a result of analysis. We are going to



note one approach to this analysis. Before we move on, let us consider the line in the center
of this network. Here is a case where A calls B ...... etc ...... etc.

HIGH CAPACITY SYSTEM
SYSTEM EMPLOYMENT IN TACTICAL FIELD ARMY

4 AMY CommS DIVISION

Chart 3

What can happen when A calls B?

He can get through

He cannot get through

He has to wait a lone time

His message i% distorted

He gets interrupted

Etc.

-166-



What we will be aiming at, during the rest of my talk is an answer to the question:

So what?

If he gets through

If he doesn't

Etc.

We are going to proceed along the following lines:

1. Describe the users - who they are and where they are

2. Define the requirement to communicate

3. Translate user requirements to network requirements

4. Show how equipment alternatives enter in the analysis

5. Discuss a simulation for this network

6. Make a connection between communications performance and military per-
formance

However, we are going to start by showing you how to avoid the problems in our story
of "A calling B". The way to avoid it is to give A and B a private line. .

Since the channel space in the Army's communication system is limited, (Chart 4)
whatever channels exist are shared by the users, and the system is called a common-ustr

system. However, certain users have more critical communications requirements than
others perhaps so important that the success -f cominunications c,!nnot be left to change.
In these cases, some of the channel space is set aside for their exclusive use. This eliminates
competitors from these channels and the owners are recrrd to as "sole users". This
certainly improves their communications, but to the detriment of all the common-users
since some of their channel capacity is lost to them. Chart 4 Iiows some typical sole users
;issocijted with the main Army Headquarters.

Chart 5 is a sort of schematic showing the sole user circuits passing through the signal
centers as if they were not there. The signal centers are square block instead of round as
previously used. As you can see. the more sole user channels you permit, the fewer left for
everyone else to use. This is an interesting trade-off problem in military effectiveness. Look

at signal center No. 6, for example. Three quarters of the channels from there to ignal
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TACTICAL FIELD ARMY RADIO RELAY SYSTEM
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TACTICAL FIELD ARMY RADIO RELAY SYSTEM

* IPUY AREA SIGNAL CENTER

Chart 7

TACTICAL FIELD ARMY RADIO RELAY SYSTEM

Chart 8
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Not all the unizs of a field army belong to the neat hierarchy of Army-Corps-Division-
Brigade-etc. There are other combat units like Corps Artillery ({!) and support units like
FASCOM or the aviation group (FR), or the flight operations center ( ). These military
units join the overall network by means of the lines shown. Of course, they have access to
the same channels in the troposcatter system as other people de. And vice versa. In other
words, the systems are commonly used.

TACTICAL FIELD ARMY RADIO RELAY SYSTEM

SSIGNAL CENTER

Chart 9

Finally, the mainstay and catchall for communications other than the command sys-
tem is shown and referred to as the area system. As indicated, it can be used as an alternate
for the Lommand system. It is the only means of communications for some military units
now shown. Taken together each represents a somewhat complex network of communica-
tions in which the channel resources are divided between sole-user circuits and common-user
circuits.

L
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TYPE DEPInYMENT
TACTICAL FIELD ARMY RADIO RELAY SYSTEMS

___ .711

O ARMY AREA SIGNAL CENTER

Chart 10

We would like to consider, now, how to analyze this common-user network. We want
to answer some very basic questions about it. First, is the common-user network adequate?
Second, given two or more alternatives, decide which one is better?

Let's begin an analysis and do it in terms of the Army network we were just looking at.
The very first step is to identify every user of the system. For realism, each u1nit is located
on a map using a typical deployment. The "Field Unit Deck" shown on chart 11 is a list of
all identified military units using the system with their location.
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PROXE33ING U3ER REQUIREMENT3

4-

: I

' V64. r UZ"cIu

Chart 11

After the users are identified, their doctrinal requirements to communicate are stated.
For example, which units in the troop list are required to communicate with Corps Artil-
lery?, with each element of FASCOM?, with division headquarters?

Not only that, but how much traffic ordinarily transpires between these units during
the conduct of battle? This information is correlated to the troop deck by the routing and
loading deck.

All these requirements are referred to as "user requirements". Their importance cannot
be over emphasized. If you leave anyone out, the impact on the use of the system will be
excluded, and this may invalidate the analysis. For example, the other users will not have to
compete against his traffic. This would be unrealistic. Another point is that the declared
quantity of traffic for each user has an enormous impact upon how well a given system or
channel resource will satisfy the requirement for prompt communications. The same consid-
erations apply to th'e "need lines" contained in the Routing Deck.
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The user requirements represent the load on the system being analyzed. If the load is
not correct, the analysis suffers. The so called "correct" load includes the contribution to
traffic caused by thc nature of the military forces, their tactics, doctrine and items of
material appropriate to the time frame being considered.

Once the user requirements data has been computerized, we can summarize the
requirements 's you see here (Chart 12). For each unit in the Army we can print out the
traffic to all other units for which there is a doctrinal requirement to communicate. This
covers telephone, teletype, and data. Also included are the location of these other units and
their access information like node and loop group descriptions.

FROM OTYP. S.4. NAME rOORD. GROSS COIA14. MONTS. NODL Lii't
1O 30OU NiG 3u78 A14MY MAIl' mA772 97 7?#,

TO 1TY TP AOL
451 lOuU 11HO 4314D ADA SOL .0TH ARMY MA7226 .u44 1.190 -. 000 101 'JU'i
,J31 14L1 "(3 * Sit ThOUP 3ij*h FASCOM MA .3!) U4A 2.Jb0 -. 000 10u 14Ul
4bd. 9e,2 rI 4uTH LNG DUL JONT AH4Y MAS134 .12. 1..50 .000 2 A3'
4!., 910 ,.;IC 4UTH 1.16 RHIuA)I 30111 ARMY MA4750 u'.ii .2U0 .000 3 4'*%,
bd IU. Zir;C e L'3T,. filL INILL bN 3UTH ARMY MAlt?'7. .U. .00 *OuU 0"7 ii'.
bS,. 1. I1, 1m . CUTIIcN 11ICAL oGP 30TH ARMY MA7J33 U24 .21U .null 15 k"It
5)S 1,3%u 140T~t AVIATION LU 30TH ARMY MA7042 .U44 .210 .OUO 0u 7"1i,
lOd uvu ow 30UrH -. sY AiL 1IAGOSI 1.100 '.800 -.000 Oit 7''
10i. 3Ou3 it.a 3uIH ,ttil RA +4.'#'D .04 .U0 JU -.000 WO 7'0-1
.fU1 19UU It() 3110 C0hOS5 I;A,. I.AI0(3 S*J0O 6.730 .00 'j 70'*
.4U1 I Ul.. 10 24.11 Cvhil, $.:A 11. NA 43n 5.ou0 b.73u .00) 91, 743

T ee '') .(4U Ci4(IS ALIL.k NA 573 1bO .310 .000 I, 71.1
I dbe 49,9 tiU - 1AU CoUl0S ALIL4 MA9.$36 .100 .310 .000 2 75..
o JOu 1471 1iO A10MY ItNTILLEiT MAIe, U44 1, .01j .00u 102 i01.
3 5U 9.11 1H0 d.NU PP RP ,uTH FASCOM MA5323 .u00 *.00 -.000 2 437

.VUZ 147! TLClut JlAL Idj(ELL':I.L CL CTk MVII79 .0Uu .0b0 .000 Lu ""%
0 ba.- 11%43 1501Tl AVIATIOt I,.AFFAC CONTRL 3OTNA MA7529 .000 1.000 .000 104 ill

'j u 2 Vu Hit TNP 2u3 AhHPO LAV HLGIMENT MASUO8 .044 1.130 .000 1'W. Olt t
C: 7kd 25vZ AIN CAV 1HOOP .U3ID A/C mE(.T MA3t90 .044 1.130 -. 000 10' Ill'-

S /e u 2!,t 204TH Alm CAVALI 204TH HEGT MA91?A .044 1.130 -.000 si'l 7:1" d u 53J2 202NsU Alit CAV 2u:.O AkMO CAVALRY MA89%O .044 1.130 -.000 9'1 7'1,)

421 bul liC 314 b.LP IIF uL ;MECH) MA9tJb .U44 1.130 -. 000 Aill 7741
1 53i.#. toiC 41.)Ti XLCII ..,.1GAOE NA 7 6 .V44 1.130 -. 0UU ' ?Sd

, ibj 12ji 1hC bTH ASA GROUP 3OTH ARMY MA7b24 .0446 .480 -.000 91 7KI

FROM rYPL 504. NAME COORD. GROSS CHAN. MONTS@ NOt LI'G
T lie 3iu i o 3uTH ARMY ALT MAUSI A 9 79.Tu TgTT i' AOL

4l1i 30ul 0o .50TH 01IY MAIN MA7722 1.Z0 8.290 -. 000 97 77.
I13 30U3 i( L S.uTH AIR.y HLA4 MA4539 .UI2 .310 -. 000 '19 79a
4U1 I'UU hQ ,14.. Co'' MAIN NAIu.3 .00 .190 .000 A'5 70,

ill SOuO HO 2.4 CVuP% 14AIN NA 4#3u .040 .190 .000 91 7413
gUi 1099 NO 3440 CUHPS ALTI.M NA b73 .010 1.0-0 -.000 46 713

dud 69a4,9 HO 2iU CIU1PS ALTLi MA9336 .00 4.020 -#000 92 754
30. 1476 tjQ ARMY ARTILLERIY 0A25 *04 .310 -.O00 102 "b4

Chart 12
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It's time to state some of the conditions for our analysis (Chart 13). The nodes that
service our Army must be interconnected in some manner. Suppose a rectangular pattern is
assumed. The interconnections are multichannel radio links. The topology and number of
channels can be the variables to be analyzed. We must declare also the rules pertaining to the
establishment of sole user circuits. It may be said that traffic between two users in excess of
a certain amount entitles those individuals to a sole user circuit. The routi, g doctrine is
required, i.e., when A calls B. How is the path selected through the network. Likewise,
certain equipment characteristics may be under consideration, like operation time for a
circuit switch, or switchboard. These can also be included in the analysis which is starting to
become complicated. It's time to say that all the things just mentioned are simulated in a
computerized representation of the network. The simulation will be discussed in some
detail, later. For now, we shall see what it does.

HIGH CAFACITY SYSTEM
SYSTEM EMPLOYMENT IN TACTICAL FIELD ARMY

ARMY COP" DIVISION

MAI

Chart 13
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After the computerized simulation has digested all the facts, it starts to come up with
some information on the system operation. It says for the users we have selected, where we
have located them having the user requirements we declared, for the number of nodes we
chose, with the link arrangement as indicated, for the number of channels we provided,
using a certain routing doctrine, etc., the number of channels required for traffic looks like
this. The numbers represent units of traffic. Note that because of patch through circuits
belonging to certain sole users, the system behaves as if there are links which are not really
there. Only the vertical and horizontal links are real, the diagonal links are functional, i.e.,
the system behaves that way because of the sole user patches. Emphasis is on which are
functional and which are real, and point out that traffic in functional links is really passing
through nodes. Grade of service equals .01 percent. There is emphasis if grade of service
changes, channel requirements change, and any other inputs have impact upon channel
requirements. Then, this is a summary of data, teletype, and telephone. Although not shown
here, a companion analysis indicates whether or not this traffic will actually fit into the
proposed system insofar as capacity is concerned.

Samoo Nqf" W t 301h F A
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Chart 14
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By means of the foregoing computerized analysis we can have the following kind of
information (Chart 15). It is really the result of a bookkeeping account of where messages
went to and come from. This is a summary of inter- and intranode traffic in the categories

of teletype, telephone, and data. Some useful information on system utilization comes out
of this; for example, is this very heavy or very light traffic?

FROM to ITv iP AOL

I .000 6.890 I.OUO

] .060 .096 I.Oa
3 .O&jO .0UO 1.000

I .000 2.$0 .000
1 .00 3.iOo0 1.000

1 Ii .010 .130 .000
1 13 .O60 ?0723 1.000
I Is .io .073 .000
1 £1 *000 *.30 .000
1 :0 .001 3,11. .000

01oi 30.34% 4.000

1 i .03 .10 .O00
3 1 304 Jo. .000

o)l$~ 1f*s ,000

50411 90.419 .000
* 4 .ll0 1.530 .000a .430 'S.OfO .000

a 1& *Us .440 .000
a IS .*02 .)0 .000
5 I5 150 ,1#%l ,000
* 15 5011 tooi* .000

a so .006'0 &*oo .00

I ts ?"44 301514 .0fl*
1 1U .044 I.109 .000

eolOllgo.. 1f.1A4 l)9.0f1 .000

) l *O S664,3 too
4 1.004 13.16 1.0

3 1 5.390 19.111 ~ ll

* 4 .0 0.643 *Do*
3 1 .ufta 10013 .o"

Nie Tr#lk S eUM_

Chart 15
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This is similar to the node traffic summary. It is for the links; this example is for teletype
only. It is a cross section of what is flowing through the pipes. Link two carries traffic
originating at four different nodes and ending at five other nodes. If Link two is jammed,
this identifies the traffic which will not get through. You can identify the users by organiza-
tion.

LINK 1 THAFFIC uLJIECTED FROM NODE I TO NODE 13
NOUI.L OF 0"IGIN TLkMINUS NODE TTY TP AOL

1 13 2.000 .000 .000
4 9 3.000 .000 .000
*s 1TAL *,s 5.00U .000 .000

LINK I rOIAL ...... 5.00U .000 .000
LINK i 114AF1IC *1.*4LCTEu FROM NODE 3 TO NODE 9

4I0UL f ORIGIN THMLNUS NOOL TTY TP AOL

3 5.000 .000 .000
k 9 5.000 ,000 .000
4 9 36000 .000 .000
9 12 3.000 .000 .000
9 15 5.00U .U00 .000

19 3.00U ,000 .00
s* TLTAL s*. 24.00U .000 .000

LINK g TurAL **t** 24.00) .000 '000
LINK 3 1ImAFt-IC UIRLCTEu FROM NODE 2 TO NODE 20

14UE U o'ilbill TLHMINUS NODE TTY TP AOL
4 20 2.00U .000 .000
so* IUaTAL see 2.00o .U00 U000

LINK 3 TOIAL **... 2.000 ,000 '000
LINK 4 lliAFIiC UIRECTEU FROM NODE 6 TO NODE 11

14OU. u. UltlGiih TLHMINUS NODE TTY TP AOL
o 11 .000 'U00 .U00
040 1UIAL Oes .000 .U0 .000

LINK 4 M rAL **so** .000 .000 t000
LINK b IHAF4IC LUIHLCTLU FROM NODE 16 TO NODE 18

NvUL U9 Oltlullh T0HMINUS NODE TTY TP AOL
Iu IV 2.00U '00 .000

044 TOTAL so* 2.00J ,U00 .000
LIN b 1UTAL s***e 2.O0U .000 .000
LINK b )IA1I IC IL(ik:CTEu FROM NODE S TO NODE 14

UtW W- UOi|I. TLIMINUS NQODE TTY TP AUL
11. .0 J .00 .000

*6 10TAL s* ,000 .000 .000
LINK 6 TWIAL c*640 .00U 4000 .000
LINK 7 TIA9 IC UII4CTEU FROM NODE 4 TO NODE 13

1"tj& Of 0141I11 TCI4MINUS NODE TTY TP AOL
2 S ?.000 ,000 ,000

L*R T'aflfic Survmewriy

Chrt 16
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So far (Chart 17), the analysis hasn't included much in the way of technicdl details of
the equipment. Since the locations of the users are known, the routes are known, the main
system features are known, then the actual equipments can be considered. Chart 22 shows
two routes possible between the aviation battalion and corps main; note that specific equip-

ment nomenclatures are accounted for. The technical features and performance of these
equipments can also be included in the computerized simulation.

For example, errors were introduced and there were time delays of switchboards,
automatic switch and teletypewriter speed.

IDENTIFICATION EQUIPMENT FOR
TACTICAL FUNCTION

(ROUTING; 15TH DIV TO CORPS HOS.)

306

AV SN 35 OIV
INA 23 7

3q 4-306-1-12 • 304.904 1-24 ASC

ChaNA 156

-P HHC 5PT CM .

i i 'N A2072'

| TP-2 - -T'" , r-4

J0 -2 [ | ! NA30O1 0-I NA kIO43

ITRlOPOI

Chart 1



Chart 18 is how the computerized simulation is organized. The preprocessor accepts
the inputs that are to be evaluated. This includes the characteristics and performance of the
individual communications equipments as well as the connectivity of the system.

The dynamic simulator goes through the "nitty gritty" of running messages to and fro
in accordance with the user requirements. In this way, the background traffic, or competi-
tion for tagged messages, is generated. Also, ti. tagged messages themselves try their luck in
the dynamic simulator.

The post processor tells the results.

SIMUL.ATOR ORGANIZATION

SYSTEM AND

SITUATION

DESCRIPTORS

PREPROCESSOR NETWORK ORGANIZATION

AND
TRAFFIC SUMMARY

SYSTEM AND

MESSAGE

DESCRIPTORS

DYNAMIC

SIM.UL A TOR

MESSAOE ASSOCLATED

RAW DATA

DATA

Chart 18
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Chart 19 is a little more detail on the input to the simulation. The "basic network
descriptors" include the number of channels provided in links. Stress factors mean jamming
and damage if we want to consider those things in the analysis. Coming out of tl.e prepro-
cessor is a list of special outputs like queue lengths at certain nodes, or link utilization data.
The message list includes all the background traffic and is based on the user requirements.
Note that messages of special interest can I • identified so that later on, their history can be
printed out. These are so called tagged me ,.ges.

INPUT PROCESSOR PRODUCTS

INPUT

, User Requiremeonis
* Basic Network Descriptors
* Stress Factor"
SWeighting Factor -

PRINTOUT

. Traffic Summery

PREPROCESSOR tioe-lNotwook Relalkwa'lp

* Stress and Status Summeries

OI TPT TO DYNAMIC SIMULATOR

Selected Basic Nelwork Deacriplors

Svgemfe Status (e.g. No, Link, Chwwwi Ouga.)

M ,essg Llt ( cadiing Tagged Mes.age.)

Chirt 19

Now that the inputs are established (('hart 20) and we have some hasis for conducting
an analysis, the dynamic simulator takes over. It knows what to look for by pre:,irangcment
caused by the input proc'ss.,r. For example. it will keep track of queues at prselected
nodes. It .vill also ,end mcssaes, via the message generator, from all of the uvsrs to all the
other users in accordance with the "user rrquirements. These messages will he carried over
the network de.ribed by the prcprces,,r with the technical characteristics also cortained
theiei. Certain nicssage histories, the tagged messages. will be memorized.

-181-



DYNAMIC SIMULATOR PRODUCTS

INJPUT

Prep --css aor

Output

DYNAMIC

SIMULATOR

OUTPUT TO POST PROCESSOR

. Selected Basic Network Descriptors

* System Status (e.g. Node, Link, Channel Outage

* Message List (including Togged MeIISaes)

Chart 20

The post processor extracts desiirJ information from the computer memory as shown

in Chart 21. We can have single shot information from a Monte Carlo process, or we can get

the mean and standard deviation. Some of the information is very special, like time delays,

becau-2 this has an impact upon military operations. Another output of this type is total

rrors produced in a digital transmission. Finally, the post processor will do some simple

arithmetic for you in compiling total effectiveness values by considering a number of

individual but related effectiveness missions.
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POST - PROCESSOR PRODUCTS

INPUT

D Dynamic Simulator Output

* Option Selectors

* Wolgting Factor-*

POST - PROCESSOR

PRINTOUT

* Selected Raw Data
* First Level Reducod Data
* Selected Ognoetlm
STactical Function Effectiverwes
* System Perfornance Indicators

Chart 21

The whole purpose of our analysis is to show our customer some values of the com-
munication system insofar as his work is concerned. (Chart 22). Our customer is the Army
and their work is the conduct of war. From the Army commander's point of view, he may
see what you are looking at. A confrontation of forces and some strategy involving high
ground on the other side of the FEBA. There are offensive plans regarding this terrain
(Chart 23). And plans for beyond that (Chart 24). The plans call for army units to accom-
plish objectives like seizing the indicated terrain. Some of the events that may occur are also
indicated. There will be destruction of part of our communications system. There will be a
river crossing, as indicated on the lower right corner. There will be close air support at
objective f, etc. In each of these activities, like close air support, the communications system
plays some part. We want to know more about this role of communication in order to make
a judgment on the adequacy or worth of the communication system.
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A military effectiveness analysis of a communications system can proceed along the-,

lines (Chart 26). Tactical events or functions such as close air support, can be brokerv dow

into events which include the required communications. This is a highly simplified example.

The important point is that critical messages are defined insofar as close air support is

conceined. These messages transpire between specific users, namely some of the ores we

have previously deployed on our maps. To determine military effectiveness, we simply ask

our computerized simulation how will the system we are evaluating handle these particular
messages between these specific parties. The answer will depend a great deal upon the

"background' traffic, and upon how well these tagged messages go through the system in
competition with everyone else's traffic.

SAMPLE TACTICA,. FUNCTION-CLOSE AIR SUPPORT

REQUEST REQUEST T3C TAC COOPOIN - DIVARTY TAC UNIT
FORWARD- APPROVAL UNIT ASS- ATION MISSION MISSION

ED IGNED ASSIGNED

6 V 5 5 2

6 ] 3;i 25
1 STAFF AND 11HTTM

0 3 14 25 38 45 50 77 FUNCTION TIME

V VA V

LEGEND

, MULTICHANNEL SYSTEM (MALLARD)

V ORGANIC COMMUNICATIONS

TOTAL COMMUNICATIONS TIME -28 MINUTES MULTICHANNEL TIME-23 MINUTES

TOTAL TACTICAL FUNCTION TIME - 77 MINUTES

COMMUNICATIONS CRITICALITY FROM ( LOW TO HIGH

Chart 26

When we get an answer from the simulator, and this answer is introduced into the

function breakdown, some military conclusion may result (Chart 27). For example, suppose

this communication system introduced certain delays which held up or delayed performing
close air support. There will be some impact, say on the force ratios at one of the objectives.
The force ratios, of course, effect the military outc- me.
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S MISSION

SUCCESS

RATIO OF
FORCES

ON OBJECTIVE

FORCES FORCES
ON OBJECTIVE ON OBJECTIVE]

TIME DELAY IN COMPLETING
TACT I CAL FUNCT ION

Chart 27

II

A variety of examples like this can introduce some military flavor into the evaluation
of performance of a communications system. When analyses like ine close air support
function are broken dowA in detail and considered carefully (Chart 2s), some very definite
relationships are established between the success of the military event and unsatisfactnry
performance of the communication svtem. In a recent analysis at The Electronics Com-
mand, 28 examples like this one were derived for some of the military ingredients of Army
warfare: an example is close air support. The usefulness of this graph lies principally in
comparing two system alternatives. One may :how up better than the other, or neither may
be adequate, or there may not be a significant difference. Any of these answers are useful
information.
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MILITARY EFFECTIVENESS OF
COMMUNICATIONS SYSTEM

. To > 4
r - - CONSTITUIES TACTICA .

• 0 i i FUNCTION FAILU

.40

.20

TO TACTICAL TF 1 2 3 4 5 6
FUNCTION MINUTES TIME DELAY

TIME (TD)

Chart 28

The alternatives are compared on the basis of one of the communication system
features - in this case time delay - and that therefore no evaluation is included for other
items of materiel - say a main battle tank.

Some exploration is underway at The Electronics Command to detcrniine a suitable
means of aggregating effectiveness information on tactical functions like close air support,
movement of r:serves. casualty evacuation, artillery support, logistic functions, river cross-
ing, and bridging operations. These functions have great impact upon the effectiveness of
maneuver brigades, and in turn upon their divisions, as you see on Chart 29. The importance
of different military functions is being weighted dong with the missions oi different hri-
gades in a given tactical situation. An overall army effectiveness determination is being
attempted using this approach.
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DETERMINATION OF FIELD ARMY
MILITARY EFFECTIVENESS

.40 .34

.62 .3 .1186 .641 .35 .353

Chart 29

To summrinze:

D)o it realistically by considering a specific force deployed to go into action.

Determine who the communicators are and how much they talk.



Do a paper installation of the equipment, or system bing evaluated, for the
force. This defines your network.

Simulate the communication performance of the network.

Assess the effectiveness in

Communication Terms

1. Grade of service

2. Delays

3. Errors

4. Queue lengths

Military Terms

I. Impact upon tactical functions

a. Artillery support

b. Bridge errection

c. Logistics
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THE ORGANIZATIONAL STRUCTURE OF THE US ARMY AVIATION SYSTEMS COMMAND

Ilavard M. Bauer
Directorate of Systems and Cost Analysis

U.S. Army Aviation Systems Command
U. S. Army Materiel Command

The AVSCOM has undergone a major reL-.-anization which became effective I October
of this year. The new organization now known as the U.S. Army Aviation Systems Com-
mand evolved from the Brown Board Study along with changes incorporated by a manage-
ment study team conducted over the past year at AVSCOM. This organization, a:s you will
see, has been accepted at the AMC and the DA levels.

The Hiadquarters Commanding General and Deputy Commander/Chief of Staff
supervises three Deputies. These Deputies are the Deputy for Research, Engineering and
Data; Deput) for Acquisition; and the Deputy for Logistics. The Headquarters is composed
of the Command HWadquarters element along with those staff directorates and offices that
are required to maintain such an activity. For example, the Command Judge Advocate, the
Comptroller, Director of Programs, Installations and Services, etc. The Deputies for RED,
Acquisition and Log wear two hats under the Systems ('omnmand structure. These are the
associated deputies along with that of being the Commanding Officer of the respective Class
I1 Activities under the Systems Command Headquarters.
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The interest is focused upon the Deputy for Research, Engineering and Data. As can be
seen, the Deputy has two remote facilities; that of the AVLABS on the East Coast an, the
Army Test Activity, Edwards Air Force Base on the West Coast. The directorates shown on
the chart are located at AVSCOM in St. Louis. As can be seen, the Directorate of Systems
and Cost Analysis is one of the prime directorates under the Deputy for RED. This estab-
lishes the location and position of the directorate within the overall structure of the Systems
Command.

USAAVSCOM RESEARCH

AVASENGINEERING & DATA XT x

ACTIVITY

PROGRAM RE SEA PCH SSESrIH
CONTROL AND AND C ST STAN,,:ARDS AND
OFFICE DEVELOPMENT ANALYSIS ,UALIFICATICIN

DIRECTORATE D RECTC:ATE N D,.-T. R .TE

sYSTEMS r(xl(\J. TX.

ENGINEERING ( V \I.0GI\(; k.x)
DIRECTORATE

Chart 2

The fc.lowing outline depicts the mission of the Directorate of Systems and Cost
Analysis and the functions of the Systems Analysis Division.

SYSTEMS AND COST ANALYSIS DIRECTORATE

MISSION

Conduct systems analysis/cost-effectiveness studies, cost analysis, and cost and economic
information system analysis; provide the command focal point for short and long-range
hardware studies, both contractual and inhouse, under AR 1-110 and AMCR 700-10; and
technical and economic evaluation and solution of materiel oriented problems throughout
the materiel life cycle.
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SYSTEMS ANALYSIS DIVISION

FUNCTIONS

a. Perform systems analysis studit and investigations for the commaid or Headquarters,
AMC.

b. Establish the requirement for data banks on subjects which are basic to the command
systems analysis activity and provide for and require the identification, collection, and
maintenance of such data; develop and maintain data banks on subjects related to systems
analysis operations.

c. Provide systems analysis type inputs on data which may be required for larger systems
analysis studies performed by the Army Materiel Systems Analysis Center or by other
agencies outside of AMC.

d. Initiate systems analysis/cost-effectiveness studies and evaluations of command pro-
grams and materiel items, systems or concepts, as may be determined necessary.

e. Review and validate systems analysis type investigations, studies, evaluations, and
reports prepared by the command's subordinate activities prior to their submission to higher
headquarters, other elements of AMC, or other agencies as inputs.

f. Provide systems analysis assistance anJ advise in the performance of the total systems
analysis effort within the commodity command.

g. Maintain cognizance of all systems analysis type studies and investigations which have
been submitted by the command to higher authority.

h. Resolve problems arising in the systems analysis activity within the command as a
result of functional interfaces.

i. Develop and establish methodologies and techniques for command use and application
on commodity oriented systems analysis studies and activities.

j. Establish an integrated, commodity oriented systems analysis study program and effort
(for both short- and long-term objectives) within the commodity command to include those
phases which cover the full range in the life cycle of materiel.

k. Maintain liaison and coordinate with the Army Materiel Systems Analysis Center.

i. Perform or provide for training needs in operations research/systems analysis type
techniques and methods within the "ommodity command.
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m. Represent the command at various professional meetings and seminars and serves as the
command point of contact on matters dealing with Systems Analysis, cost effectiveness,
operations research, scientific analysis, logistics research, applied mathematics and
ma nematical statistics.

n. Develop requests for and monitor and review progress of contract studies.

Chart 3 depicts the Systems and Cost Analysis Directorate organizt ion and structure
along with the required and authorized spaces for the Headquarters, the Systems Analysis,
the Cost Analysis and the CEIS Divisions. As a matter of interest, the Cost Analysis Division
is the only one having Branches within it. The Headquarters is staffed with five personnel-
the Direct--, Deputy Director, Secretary, Clerk Steno and a Management Services Assistant.
Of primary concern of course, is the Systems Analysis Division. It is authorized eight civilian
personnel and three milit-y. Of these eight civilians, two are Clerical and one is the Chief of
the Division. The remaining five civilian spaces are, in essence, the working force of the
Systems Analysis Group. Although there are three military spaces associated with this
Division, it is ,ery rare that these spaces are ever staffed. Our experience has been one
military in the Division for a period of 96 days in the past year Presently we havt. no
military in this Division. As can be seen, the nucleus of Systems Analyst. at the Head-
quarters is a very sma.J organization limited in resources. Those of you associated with the
SAGs throughout the Commodity Commands are in a similar position as we at AVSCOM, in
that the workload far overshadows the resources available to meet the demands placed on
US.

S TO)TAL: R 58q A 52
4T , L: 3
ZCTV: 55 49

[ SY~gM A.'qAYSI$ DVISON OSTJVALYSS LIIO COST & MCO I'FOR.TIOq. SYSTEM DIVISION

TOTAL: Rl 11 A 11 TOTAL: AI 2 A 2 TOTAL: R 22 A 18

MIL- 3 3 'T V- 2 CIV: 22 IS

CorW.. ajDO!cy 8,ANCH COST ESTJIATE BANCH COST IWOR"MTION 3RANLi

TOTAL: R 6 A 6 TOTAL; R 6 A 6 TOTALt R 6 A 4
€IV: 6 6 CIV. 6 6 Civ: 6 4

Chart 3
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